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ABSTRACT
ANALYSIS OF AUTOMATIC GUIDED VEHICLES AND 
SELF GUIDED VEHICLES FOR HOSPITAL FOODSERVICE
by
MICHAEL A. RODEN 
MAY 1992
This thesis analyzes the relative merits of 
"Automatic Guided Vehicles" (AGVs) and "Self Guided 
Vehicles" (SGVs) in the area of hospital foodservice.
Data is derived from the bids of Apogee
TMRobotics for their Orbiter system (AGV) and
TMTransitions Research Corp for the HelpMate self guided
robot, to Humana Hospital Sunrise. The major
difference between the two systems is that the AGV can
carry a full Dietary cart with thirty trays but is
limited to a pre-laid track system. Conversely HelpMate
has a map of the facility programmed in its memory and 
can roam anywhere, but is only able to carry four trays.
Final system recommendations are based on 
these bids and other data and a conclusion is made to 
lease/purchase the Helpmate self guided vehicle. A
social history of the confrontation between men and 
machines is included.
iii
ACKNOWLEDGMENTS 
Special thanks are in order for the many 
people who made this thesis possible. For their
invaluable assistance in the research of the two
vehicles, I would like to thank Gay Engelberger and Dr.
John Evans of Transitions Research Corp., two people who 
will live to see their dreams come true. Also, Mike 
Henningson, Project manager of Apogee Robotics, who
patiently answered all my continuing inquiries. Thanks 
are also due to Dr. Frank Borsenik of UNLV, my committee 
chairman, whose assistance and dedication helped me 
tremendously, and the committee composed of Dr. Stutts, 
Dr. Stefanelli and Dr. Moore. During the hospital 
research, Sandra Holliday R.D., Wanda Mitchell, Director 
of the Lab and Rus Wheeler of Courier Services gave me 
tremendous help and support during this long odyssey. 
Many thanks to Dr. Bill Quain for his long friendship 
and academic support and to my lovely wife Dorothy, who 
stood beside me through thick and thin, and when it 
counted most. And finally, a thank you to Isaac Asimov, 
who put this thought in my head thirty years ago, long 
before its time had come.
ANALYSIS OF AUTOMATIC GUIDED VEHICLES AND
SELF GUIDED VEHICLES FOR HOSPITAL FOODSERVICE 
TABLE OF CONTENTS
CHAPTER TOPIC PAGE NO
I INTRODUCTION ................... 1
II REVIEW OF LITERATURE ............5
III METHODOLOGY .....................8
IV ‘ SGV HELPMATE .................. 10
Construction  ..............10
Mobility..................... 11
Navigation................... 12
Communication.................14
User Interface............... 15
Security and Safety.......... 18
Conclusion................... 19
V AGV ORB I TER ....................21
Auto Guided Vehicles......... 23
Construction................. 26
Mobility. ................26
Navigation................... 27
Sensors ..................... 27
Communication............... 28
User Interface............... 28
Security and Safety.......... 29
Conclusions ................. 29
VI HELPMATE BID AND ANALYSIS.......30
Robot Rental..................30
Robot Purchase................31
VII ORBITER BID AND ANALYSIS....... 33
VIII OTHER IMPACTS.................. 42
IX DECISIONS 45
SOCIAL HISTORY................. 47
Luddite Riots................ 50
Victorian Era................ 54
The Great Inventors.......... 59
Early 20th Century........... 64
Post War Technology.......... 67
Modern Times................. 69
Technology and Jobs.......... 71
Conclusions.................. 73
FINAL CONCLUSIONS.............. 74
Future Of Robotics........... 76
BIBLIOGRAPHY................... 78
APPENDICES
APPENDIX A
HelpMate Rental Quote........ 80
HelpMate Purchase Quote...... 81
HelpMate Configurations...... 82
HelpMate Contract........... 83
HelpMate Rental Agreement.... 91
HelpMate Picture............. 93
APPENDIX B
HelpMate Justification
to Humana Hospital........... 94
(Cover Sheet)
APPENDIX C
Map of Hospital showing...... 96
potential routes
APPENDIX D
Apogee Orbiter Benefits...... 97
APPENDIX E
Robot Programming............ 98
History of Computer Control...98
Robot Programming.............99
Mobile Robots............... 102
HelpMate.................... 104
Future.......................106
1CHAPTER I 
INTRODUCTION
The purpose of this paper is to analyze the utility 
of Automatic Guided Vehicles (AGVs) and Self Guided 
Vehicles (SGVs) to the hospital foodservice setting. An 
analysis will be performed concerning the engineering 
impacts, cost/benefit ratios, social impacts, and the
future of each system with respect to Humana Hospital 
Sunrise, Las Vegas, Nv., and in general to the hospital 
foodservice industry.
Automatic Guided Vehicle technology, while still
little known outside manufacturing has, in fact, been 
around since the 1950s, although it did not begin to 
make a dent in industry until the pioneering
installations for Volvo and Fiat in the early 1970's. 
Basically AGVs are platforms that run on magnetic
tracks, usually consisting of wire embedded in the floor 
or underneath carpet or tile. Self Guided Vehicles, on 
the other hand, represent an entirely new technology, as 
they are directed by internal navigation systems and use 
sensors to avoid obstacles, steer, and keep minimum 
distances from walls. Both systems have the capability
2of calling and dedicating elevators, and controlling 
electric or pneumatic doors.
Part of this paper will be an analysis of the 
respective bids of Apogee Robotics (AGVs) and 
Transitions Research Corp. (SGVs) to Humana Hospital 
Sunrise for installation of a transportation system.
Limitations
From the outset it should be noted that the two 
systems do not perform the same operation. The AGV 
system is capable of picking up an entire foodservice 
cart with 28 trays and delivering it to the unit whereas 
the SGV 'Helpmate' is, at present, only capable of 
delivering four trays at any one time. However, the AGV 
system represents a much greater capital investment and 
involves some capital renovation. With both systems, it 
would be necessary to involve other hospital departments 
and their transportation needs, as, with either system, 
there would be considerable periods of downtime if just 
used for foodservice. Some prime targets would be 
Laboratory, Pharmacy, Courier System, Housekeeping and 
Central Supply.
One of the major advantages of robots is that they 
can be used for a greater portion of the day than can a 
single employee, although the assumption should not be 
made that they can operate 24 hours per day. With
3current technology, some downtime must be set aside for 
battery charging, maintenance, and reprogramming. The 
Industrial Robot Magazine* noted that normally a robot 
year is 3500 to 4000 hours, whereas an average employee 
year at Sunrise Hospital is in the range of 1800 to 1900 
hours.
Delimitations
Despite the potential of robotics in all manners of 
human endeavors, it is necessary, for the sake of this 
study, to limit the scope of research. The differences 
and relative merits of AGV systems and SGV systems will 
be limited to the context of hospital systems. However, 
the study cannot be limited to foodservice alone as the 
robot systems, as noted, will be used elsewhere when not 
dedicated to foodservice.
Engineering details will be provided where 
possible, practical and relevant, although it is not the 
intent of this paper to present too many technical 
details but rather to analyze the benefit to the 
hospital in regards to economics, productivity, utility 
and patient satisfaction.
Social impacts will be discussed limited to the 
topic of machines replacing men, a subject that has a 
history pertinent to the present example.
* The Industrial Robot Magazine, 10th Ann. Edition.
4A short discussion during the conclusion will also 
deal with the future marriage of robotics and hospital 
foodservice.
Justification
There seems little doubt that technology can have a 
major impact on foodservice in general and hospital 
foodservice in particular. This study should be 
applicable to similar sized hospitals of which there are 
many in the country and worldwide. The cost impact and 
utility of the two systems may also apply to other 
foodservice operations such as colleges and correctional 
institutions.
5CHAPTER II 
REVIEW OF LITERATURE
General
The sparseness of literature on this topic reflects 
the leading edge technology that is under investigation. 
Information on Robotics in general is fairly extensive, 
but mostly limited to present industrial uses and 
dominated by automobile welding and spray painting 
applications. Current research devotes much of its time 
to robot arms and hands or end-effectors as they are 
known in robotics. However, some research on mobile 
platforms is being done and Robotics and Automation 
Journal(Vol 4,#1) has an interesting article on "the 
Driving Pipeline" which describes a continuous obstacle 
avoidance system to avoid the stop-and-map systems 
currently used and employed by our "Helpmate". Also, 
the International Journal of Robotics Research(Apr.1991) 
describes a sonar-based system for avoiding obstacles 
and builds on the acoustic range finder developed by 
Polaroid for its cameras. The Jet Propulsion Lab is 
currently working on the Planetary Rover for the Mars 
mission which employs much of the same technology 
required for this study and no doubt there will be some 
important spin-offs from their research. The Rover will
6have to be able to make decisions on many things on its 
own as one of the dominating factors of the Mars mission 
will be that communication with the Rover will take 15 
minutes, far too long for controllers to make decisions 
for the Rover in real time.
As far as competition for the "Helpmate", at 
present there appears to be none. K.G Englehardt of the 
Carnegie Mellon Institute in Pittsburgh is described in 
Food Management Magazine(Oct.,Nov.,Dec 1988) as working 
on a autonomously navigated robot but there appears to 
be no news since 1988 when the story was published.
Literature on the AGV system is a little more 
extensive and "Automated Guided Vehicle Systems" is a 
compilation of speeches and presentations on these 
systems edited by R.H.Hollier.
The presentations by TRC Corp. and Apogee Robotics
are certainly open for analysis along with Humana's own
financial policies. There are drawbacks to both systems
most notably the lack of carrying ability demonstrated
by the "Helpmate". As described in Robot Technology and 
2
Applications , "The drawbacks of wire guided AGV systems
are their poor flexibility with respect to the layout of
the transportation routes and the high cost of the
ground installation in an operating production system".
2
Robot Technology and Applications
Edited by Ulrich Rembold, Marcel Decker Inc. 1990
7In reference to the discussion on the social impact
of machines replacing men, "Robots in Industry
Magazine", (RII) "Industrial Robot Handbook" and "The
Impact of Technological Change on Employment and
Economic Growth" are particularly helpful. RII magazine
estimates that 40% of the labor force in this country is
devoted to parts transfer and palletizing operations
3which gives added importance to the subject . The 
Industrial Robot Handbook declares that the history of 
Robotics in the U.S. indicates robots increase 
productivity by 20% to 30%
In terms of specific literature on this exact 
topic, only Joseph Engelberger's chapter on the 
Paranurse in "Robotics in Service" would appear to be 
close to describing the use of the SGV. In this chapter 
the Helpmate performs more as a Nurse Orderly than as a 
tray deliverer, and his vision seems to have the robot 
assigned to the Nursing Unit rather than the Dietary 
department. However, some of the problems he does not 
envision include the sheer size and complexity of 
patient feeding and the problems of temperature control 
and sanitation. These, however, are the problems this 
paper will attempt to solve.
3
Robots m  Industry Magazine Vol 7 #4, Vol 8 #4
4
The Industrial Robot Handbook Miller 
Fairmont Press, 1987
8CHAPTER III 
METHODOLOGY
The first priorities are the investigation and 
description of the SGV HelpMate™ and the AGV Orbiter™. 
The two robot systems will be described in detail with 
attention to construction/ mobility, maneuverability , 
navigation systems, communication, user interface, 
security and safety. Chapters VI and VII will discuss 
and analyze the bids presented for the two systems and 
the cost/benefit advantages or disadvantages these 
proposals present. Primary considerations will be 
payback time, required investment, engineering 
modifications,lease-purchase possibilities and any other 
economic factors.
Chapter VIII will analyze the impact of the systems 
on sanitation procedures, temperature retention and 
other related topics, and will also investigate the 
impact of federal, state and local agencies that retain 
oversight in the Healthcare Industry.
Chapter IX will compare the two systems and come to 
conclusions as to the best approach for the hospital. 
Other factors such as maintenance, product support, 
ability to change routes, future hospital construction 
or changes, emergency hospital routines and down-time of
9
systems will be considered.
Chapter X will be a social history of machine 
breaking and resistance to technology with particular 
emphasis on the lessons to be drawn from history. 
Chapter XI will draw final conclusions from the research 
and will discuss the future of robotics and foodservice.
10
CHAPTER IV
THE HELPMATE™, SELF GUIDED VEHICLE 
TMThe HelpMate is a self-guided, trackless 
robot designed for delivery of payload to different 
locations within a facility, the specific design being 
for use in health-care facilities. The robot was 
designed and constructed by Transitions Research
Corporation (TRC) of Danbury, Conn., a company founded 
in 1984 by Joseph Engelberger and Dr. John Evans.
Joseph Engelberger is more fondly known as the "Father 
of Robotics" and was responsible for the founding and
later success of the world's first robot company
"Unimation". Dr. Evans, before becoming the President
of TRC, was the director of the National Bureau of
Standards, where he founded their automation technology 
program.
Description of HelpMate concentrates on the 
following aspects; Construction, Mobility and 
Maneuverability, Navigation, Sensor Systems, 
Communication, User Interface, Security and Safety.
Construction
The HelpMate is constructed of steel and
fiberglass and measures 55"x36"x32". It occupies a
11
rectangular area of eight square feet. The Robot weighs 
approx. 3501bs. and has a payload capacity of approx. 
lOOlbs, not including the backpack. Forward speed is at 
2 feet per sec although it can go faster under certain 
circumstances. Acceleration is at 2feet per second. 
The onboard computer system is governed by a Motorola 
68000 acting as the system master, and Motorola 68HC11 
computers are used for the various sub-systems, 
communication being effected using a high speed serial 
network.
Mobility and Maneuverability 
The drive sub-system has two independently 
controlled drive wheels that are mounted on a single 
A-arm. The A-arm is mounted such that the drive wheels' 
axis is centered on the robot. Unlike many other mobile 
robots, HelpMate does not have a bounded steering angle. 
The A-arm's spring suspension keeps the drive wheels in 
contact with the floor even when it is rough or bumpy. 
Four casters at the corners provide stability. The 
robot can pivot on its own axis. Turning is 
accomplished using differential velocities in the drive 
wheels. In other words, one wheel is sped up while the 
other is slowed down to accomplish the turning 
maneuver. Power is supplied by a battery pack of 24 
Volt, 120 Ampere hour batteries, and two sets are 
supplied so that one set may be charging while the other
12
set is being used.
Navigation
Navigation of the robot consists of two 
separate but intertwined problems; traversing from one 
given point to another using predetermined topography 
utilizing an onboard map, and obstacle avoidance. These 
goals are accomplished in large part by a battery of 
onboard sensors.
Route Navigation
The robot is provided with a map of the 
facility with designated home points and designated 
drop-off points. Hallways, elevators and elevator 
lobbies are defined and the robot can take a series of 
drop off points, and map the most efficient way to 
accomplish the task. Position control is of critical 
importance. The first method the computer uses is 
"deduced reckoning" or ded reckoning. This is 
accomplished by odometry or the simple measurement of 
the distance covered by the wheels. However, this 
alone does not give sufficient accuracy. Wheel slippage 
and other errors can accumulate over distance and time, 
causing great confusion. Thus the computer must 
continually update its position by reference to the 
outside world. Vision, sonar and infrared proximity
13
sensors are used to continually update position 
information using as reference points ceiling lights, 
walls and hallway configuration. The sonar, or 
ultrasound, sensors are Polaroid transducers driven by 
Texas Instruments sonar modules. These Polaroid 
transducers time the return of a transmitted pulse and 
thus calculate the distance. They are the ones 
developed by Polaroid for its automatic focus cameras, 
and are also responsible for maintaining the correct 
distance from the walls. The vision system uses a 
camera and two light projectors using triangulation to 
obtain a position fix from a known landmark or an 
obstacle. The projectors are covered with infrared 
filters to make the light beams invisible to people. 
This vision system can also be used to detect 
retroreflective tape provided as beacons.
Navigation also relies on calling and 
controlling the elevators and this will be discussed 
further in the section on Communications. With all the 
information provided by the array of sensors it is 
necessary to provide the program with a hierarchy of 
information to enable the computer to analyze the 
various data on a continuing basis. Sensor fusion is 
the process of collecting and analyzing all the data to 
compile an accurate picture of the robots environment 
and position. The computer decides which of this
14
information most accuratly represents the robots 
position. The program provides for a decay of this data 
with respect to time, in order to effectively get rid of 
old data. The robot is also allowed to approximate the 
delivery position as much time and effort could be 
wasted getting to the exact position.
Obstacle Avoidance
The sensor systems scan along the robot's 
planned path to detect any unmapped obstacles, at which 
point the robot will slow or stop. A determination is 
made as to whether the object is stationary or moving. 
The robot will look and then look again. If the object 
is no longer there, the robot will continue its course. 
If the object is still there, it will map out a course, 
circumvent the object and return to its planned course 
on the other side of the object. Pressure sensitive 
bumpers circle the robot and are designed to assist in 
detection of obstacles undetected by the rest of the 
sensor array. When triggered, these will stop the 
robot, overriding any commands currently being enacted.
Communication
Elevators
Mobile robots must be able to call and control 
elevators for their use subservient to the use by the 
general population (to a certain extent) and to fire,
disaster and emergency use (at all times). Specific 
elevators that provide the HelpMate with access to the 
entire hospital are identified and equipped with 
controllers. HelpMate communicates with these
controllers via wireless radio modem. The modems use 
spread spectrum radio technology that transmits data in 
small bursts at various frequencies. This allows a pair 
of modems to operate at power as high as 1W without 
disrupting electronic equipment or requiring an FCC 
license. A standard model 8088 IBM PC-compatible 
computer accepts requests from the modem and relays them 
to the elevator controller as a service request by 
privilege key entry.
The HelpMate calls the elevator, and assumes 
control in a hierarchy over button pushing passengers 
but beneath fire, emergency and disaster teams. The 
elevator takes care of requests prior to the robot 
takeover, waits 30 seconds for passengers to clear out 
and then HelpMate assumes control bringing the elevator 
to where it awaits. Once aboard, the robot requests the 
floor desired from the controller and upon arrival the 
controller opens the door, clears the HelpMate for 
departure, and resumes normal operation.
User Interface
The following description is from an article 
entitled "Robotic Transportation" by W.Stuart Lob
16
covering the User Interface in the HelpMate currently in 
use in Danbury Hospital, Danbury, Conn.
"Three levels of user interface are available
on the robot. The simplest level is the operator level,
which allows task specification along with simple error
recovery. The second level is the engineering level,
which provides powerful diagnostics along with detailed
task specification. The third and most powerful level
is the application level, where settings of the internal
system that affect the performance of the robot can be
modified to tailor the robot behavior for specific
5
applications. All three levels are menu driven."
Members of the Danbury Hospital staff have
access to the operator level interface. These menus 
contain choices of destinations and a few actions that
are specific to the facility. A special code is used by 
hospital employees to access the operator level menu. A
simple menu system displayed on a back-lit 5"x9"
(12.7x22.9cm) screen enables the hospital staff to pick
destinations and specify tasks for the Helpmate. The
options on the menu are chosen by using a standard
keypad with 12 keys (0-9,ENTER & CLEAR). Verification 
and error correction are provided.
5
Robotic Transportation W .Stuart Lob 
Clinical Cemistry Vol 36 #9, 1990 pg 1544
17
An operator - typically a member of the 
dietary staff - enters an identification code on the 
keypad to unlock the backpack and insert a payload, such
as meal trays. The operator then selects a destination
from the menu. The contents of the backpack may be 
removed only at the destination and only by using a 
specific code for each nursing station.
If while en route HelpMate is manually 
interrupted and moved, the robot will remember where it 
is being rolled and will continue on automatically after 
an appropriate delay.
When the HelpMate arrives at the specified
destination, it announces its arrival in English. The 
backpack on the HelpMate is labelled to indicate the 
contents of the package. The unit secretary then enters 
a code and gains access to the operator menu system. 
The backpack is unlocked and the secretary takes 
delivery of the contents, signs the delivery slip, and 
places it back in the backpack. She then presses a 
green button, which dispatches the robot to its next 
destination. The unit secretary or nurse taking
delivery of the items need not even use the keypad to 
take delivery of the ordered items.
Currently, TRC handles hospital staff
training, path specification, diagnostics and some 
repair duties. Key hospital personnel are trained for
18
and given access to the engineering level for detailed 
task specification and maintenance. Sensor data may be 
monitored at this level and either displayed on the 
screen or used to build a map. The map can then be 
displayed on the screen and scanned for free paths. All 
information displayed on the screen is also saved on the 
on-board "flight recorder", capable of storing 25kbytes 
of data(sufficient to store the last 5-10 min. of 
operational data). Flight recorder information can be 
uploaded to an external storage device for diagnostic 
evaluation.
The application level interface is available 
to TRC staff and to advanced customers who are using the 
HelpMate to develop their own applications. The 
performance and behavior of the robot can be modified by 
adjusting variables at this level. Controls of sensors, 
robot control, navigation, registration, monitoring, and 
timing can be reset. Sensor certainties, sensor firing 
techniques, obstacle avoidance characteristics, and 
navigation variables may also be changed through this 
menu."
Security and Safety
The HelpMate is virtually tamper proof. 
Experience has shown that it is unlikely that hospital 
personnel will tamper with the robot, as, after an 
initial period, it will be perceived as another piece of
19
equipment. Access to the interface is limited by both 
codes and lack of knowledge.
The security of the backpack is assured by the 
locks and code combination. While the HelpMate is 
transporting food, lab specimens or medical records, 
security is beneficial but not necessarily vital. 
However, if use is expanded to Pharmacy and the 
transportation of narcotics or other drugs, security 
becomes a major issue, both in terms of the hospital 
itself, and other State and Federal agencies.
Safety is provided by the battery of obstacle 
avoidance sensors. In an emergency, there is a switch 
or button on the side of the HelpMate that will effect a 
complete stop until the switch is reversed. The robot is 
also equipped with flashing lights on top which operate 
during motion and indicator lights to warn of turns, 
similar to an automobile. In the event of a Condition 
Red denoting a Fire or other Disaster, the HelpMate's 
elevator control can be overridden. When all hallway 
doors close, the HelpMate will simply wait until they 
are open.
Conclusion
The HelpMate is ideally suited for 
transportation of small payloads on a continuing basis. 
The limitations of payload are compensated by
programmability, maneuverability and duration of daily 
use. Preliminary utilization includes early morning use 
by the Laboratory for transporting samples, early and 
late tray use by Dietary and nightime use by Medical 
Records and Courier Services.
21
CHAPTER V 
AUTOMATIC GUIDED VEHICLES
General History and Description 
The first AGV's were developed in the USA by 
Barrett Electronics in the early 1950's. The first 
system was installed in 1954 at Mercury Motor Freight in 
Colombia, S.C. The system consisted of a tugger 
following a wire guidance path with a controller based 
on vacuum tube technology. The intent was for warehouse 
distribution. The system was bulky and had limited
capabilities. In addition, in other parts of the
country where installations were effected, the labor 
unions regarded it as a threat and resorted to sabotage. 
As will been seen in the Social History (Ch X) this 
would hardly be the first time. The system did not 
utilize customization and little interest was shown at 
that time. During later stages in AGV development,
controllers were transistorized and eventually
integrated circuits became available.
Industry growth in the USA was slow, but in 
Europe the technology grew much faster. The first major 
breakthrough was the Volvo plant in Kalmar, Sweden
22
(1974), where the AGVs were designed to carry auto 
bodies themselves. In the United States, development 
included installations at the Keebler Distribution 
Center in Chicago(1978), the John Deere Plant in 
Waterloo, Iowa(1981) and General Motors. Extensive 
installation began in 1984. General Motors is now the 
largest user of AGVs in the USA with over 3000 in 
operation although the US Postal Service has shown great 
interest. Sales of AGVs tripled between 1980 and 1986.^ 
In health care facilities, one of the largest 
installations is at the University of Michigan Hospital 
(888 beds). A 15-vehicle system, using 24 system 
stations, transports 160 carts with medical, surgical 
and linen supplies. Seven tons of trash are transported 
daily. The system is wire guided, and was supplied by 
Eaton-Kearney of Salt Lake City. Another company 
targeting hospitals is Translogic (Denver,Co), 
specializing in transportation of meals, dishes, linen, 
lab specimens, medications, dressing material and 
garbage.
® Robot Technology and Applications
Edited by Ulrich Rembold, Marcel Decker Inc., 1990
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Automatic Guided Vehicles
AGVS are either involved with horizontal 
movement, or, in limited cases, narrow aisle stackers, a 
classification we can comfortably ignore. "Fixed 
conveyors are best when the path never changes and there
7
is a high and steady flow of goods". Several 
different wheel configurations can be used and there are 
three basic methods of directing the vehicle:
1. Magnetic tape laid on the surface
2. Optical tape laid on the surface
3. Magnetic wire buried into the surface.
Buried magnetic wire is the most expensive to
install but is also the most durable and reliable. 
Optical tape may need to be replaced frequently as both 
the tape and the scanner suffer from obstructions. With 
magnetic technology, different frequencies can be used 
to identify routes and vehicles which comes into play 
particularly with multi-vehicle systems using the same 
paths. Traffic problems compare strikingly to the old 
(and new) railroad switching systems. The AGV's scanning 
head takes instructions from a magnetic field which is 
supplied by a high frequency transmitter feeding 10/12 
Hz ac.
7
Fundamentals of Robot Technology D.J.Todd 
John Wiley and Sons, 1986
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The vehicles are programmed through an on-board 
microprocessor and instructions can be given through its 
keyboard, remotely by manual input, or computer on-line 
instructions. Programmable I.D. points are buried along 
the route and switch points are controlled by the master 
computer, acting as traffic controller. Outside 
functions such as traffic lights, automatic doors and 
elevators can be controlled from the vehicle. Generally 
speaking, AGVs have no reverse drive which creates a 
problem with elevators necessitating the availability of 
flow-through elevators. Space is also needed for a 
circular turn-around unless the route is designed to be 
completed in a circle. In a complex system, sub 
stations are provided particularly with multiple pick-up 
points and multiple use such as food carts, laundry and 
garbage transportation. Also a hierarchy of needs must 
prevail with a pecking order of departments or specific 
time frames for various departments.
Safety considerations involve collisions with 
other vehicles, and collisions with people and/or 
stationary objects. Both events are usually covered by 
on-board sensors alarming the AGV and bringing it to a 
halt. The AGV then emits an audible alarm convincing the 
object to either move from the path or someone to move 
the object. Bumpers are generally provided to cushion 
the impact of any collision and these are also equipped
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with pressure sensors to bring the vehicle to a halt 
upon contact. AGV systems have a good safety record. A 
survey was conducted in Sweden in 1982 of 37 AGV users 
and only 10 injuries to personnel were recorded of which
p
five were insignificant (Tracy) . System design should 
keep several safety considerations in mind. Trapping 
points should not be allowed where pedestrians are 
confined to narrow aisles.
Lighting should be good and warning signs should 
be clear and well-lit. Warning lights should be 
provided for each vehicle to give plenty of notice of 
arrival. Turning into a blind corridor should be 
accompanied with some warning noise, keeping in mind the 
audio necessities of a hospital. Frequencies should be 
adjusted so as not to interfere with hospital biomedical 
equipment and patient equipment such as pacemakers. 
Emergency stop buttons on the vehicle must be provided 
and must be accessible from all sides. Finally the load 
must be secure and all sensor and brake systems of the 
highest quality, reliability and durability.
8. Automated Guided Vehicle Systems Edited by 
R.H.Hollier, IFS Publications, 1987
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The Orbiter
Construction
The vehicle proposed for use at Humana Hospital 
Sunrise (HHS) is built from stainless steel and is 
intended for either(or both) indoor and outdoor use and 
can be operated between 0° to 50° C. The vehicle 
dimensions are 61"L x 26"W x 13"H. with a lift capacity 
of 750 lbs, capable of carrying a food cart with 32 
trays. The vehicles are supplied with Hoppecke high 
recharge, fiber nickel-cadmium batteries which are 
recharged with no manual intervention and the charger 
can charge up to five vehicles at one time. Batteries
are sized so that vehicles can run 90-120 mins. without
recharging, and the battery charger requires 208 VAC. 
The pilot system does not justify the cost of a
recharging station, and thus the single vehicle is 
equipped with a lead-acid battery with two extra
batteries for change-out. Batteries are rated for six 
years.
Mobility and Maneuverability
Apogee has suggested a pilot program and a full 
program. Under the pilot program one vehicle will be 
operated on optical tape mounted on the floor surface. 
The maximum speed of the vehicle is 150-185 fpm, and the 
vehicle can negotiate a 10° slope fully loaded. The full
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system will utilize magnetic guidance technology. A 
slot is cut in the tile with the magnetic tape mounted 
flush with the tile. Since the vehicle is guided on a 
permanent magnetic field, no electricity is required to 
power the strip. An added advantage of the magnetic 
tape is that breaks can occur in the strip and not 
affect the vehicle performance.
The vehicle has a reverse and can back out of 
elevators where required. However routes and
flow-through elevators have been identified so that 
reverse, under normal operation, will not be necessary.
Navigation
The vehicle is guided on the magnetic path with 
an estimated 5800 feet required for the hospital. 
Navigation is clearly not so difficult as in self guided 
vehicles, but ID points are included along the vehicle's 
path to update its position and inform the vehicle of 
stopping and slowing points.
The cart is assigned a destination (addressed) 
by a laser barcode reader, the computer calls a vehicle 
which comes underneath the cart, picks it up, and 
delivers it to the addressed location. After the 
address and call, all procedures are then automatic.
Sensors
In the front of the vehicle is the spring loaded
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safety bumper with pressure sensors designed to stop the 
cart in the event of a collision. Also, ultrasonic 
obstacle detection sensors are mounted issuing a sonic 
beam to detect any obstacle in the vehicle's path. The 
vehicle will then slow and stop. Collisions with other 
carts are controlled by the host computer and switching 
points along the route, but, in case of malfunction, the 
vehicle can rely on obstacle detection.
Communication
Communication between the host computer and the 
vehicle is accomplished through the magnetic cable.
After the cart has arrived and dropped off the cart at 
the nursing station, the nurse will telephone the host 
computer which will then require the vehicle to return 
to the staging area.
The vehicle will interface with the elevators 
through communication systems installed in the elevators 
and similar systems are used for magnetic doors. The 
vehicle can call an elevator and dedicate it, 
subservient to emergency or maintenance overrides.
User Interface
Barcode dispatch panels are provided at each 
staging area and the vehicle is addressed for the
correct delivery point. Each vehicle contains a backup
control and diagnostic keyboard at the rear of the
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vehicle which may be used in the event of default or if 
a hospital emergency situation arises which necessitates 
change. This keyboard can be used to alter destination 
and address, or to diagnose problems.
Security and Safety
The prevention of collisions has been described 
in the sensor section. The vehicles meet the 
appropriate OSHA and ANSI industrial safety standards 
and there is automatic vehicle shutdown if the vehicle 
should stray from the magnetic guideline. In the case 
of a hospital emergency, the computer issues a global 
recall to return all vehicles to their staging areas. 
If tampering were to occur, the vehicle is equipped with 
audible and visual alarms which will trigger upon 
evidence of incorrect handling. During transportation, 
the cart is locked to the vehicle and is only released 
upon arrival.
Conclusions
AGV technology spans three decades and is more 
mature than SGV technology. The vehicles proposed meet 
standards of payload but suffer from a lack of mobility 
and maneuverability. Also, while they are ideally 
suited for large buildings, traffic and room constraints 
in a modern hospital pose many problems.
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CHAPTER VI 
HELPMATE™ COST/BENEFIT ANALYSIS
Robot Rental
The following Cost Analysis is based on a 
proposal to rent a robot. Figures are based on the 
quotation supplied by Transitions Research Corporation 
( see Appendix A ).
Rental $84.00 per day
Initial Up-front costs $10,900 for elevator control 
No charge for customized backpacks 
First year costs (84 x 365) $30,660
Initial set-up $10,900
Total First Year $41,560
Humana Hospital Sunrise classifies it's 
employees in Management grades (M) and Non-Management 
grades(NM). Grades in the Non-Management scale range from 
the lowest (NMl) to the highest (NM20) with appropriate 
hourly ranges. In the case under study, Lab Techs who 
will be replaced are NM6 and couriers and food service 
workers are NM3. The rates quoted are hourly wage rates. 
Annual Savings based on 2080 hrs.
(NM3 $6.10, NM6 $7.40 + 26% benefits*).
Based on figures supplied by Human Resources
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1 FTE (Courier/Graveyard Shift NM3) $16,000
0.5 FTE (Dietary NM3) $ 8,000
0.5 FTE (Lab NM6) $ 9,700
TOTAL ANNUAL SAVINGS $33,700
Assuming 5% increase in both robot costs and savings due
to inflation:-
Rent Cost Labor Sav. Savings
Year 1 $41,560 $33,700 ( $7,860)
Year 2 $32,193 $35,385 $3,192
Year 3 $33,803 $37,155 $3,352
Year 4 $35,494 $39,013 $3,519
Year 5 $37,269 $40,964 $3,695
Total $180,319 $186,217 $5,898
ROI per year = $5,898/5 = $1180
Robot Purchase 
The following Purchase Analysis is based on
figures supplied by Transitions Research Co.( Appendix A).
Purchase Price: $94,000 (includes all elevator controls)
Elevator Set-up: $10,900
Extra Backpacks: $ 2,000
Total Price $106,900
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Price Labor cost Savings
Year 1 $106,900 $33,700 ($73,200)
Year 2 $5,000* $35,385 $30,385
Year 3 $5,000 $37,155 $32,155
Year 4 $5,000 $39,013 $34,013
Year 5 $5,000 $40,964 $35,964
Total $126,900 $186,217 $59,317
* Cost of Helpmate System Service Contract.
The payback time is 3.0 yrs.
The savings over five years average $11,864 per year.
Hence, the optimum approach, is to purchase the 
robot. The best and most cautious approach is to rent 
with an option to buy, because the rental monies can be 
deducted from the purchase price. This would also avoid 
the problem of tying up capital dollars at the present 
time.
The justification and total proposal to Humana 
Hospital Sunrise for the implementation of the SGV program 
appear in Appendix B.
CHAPTER VII 
APOGEE BID AND ANALYSIS
Apogee Inc.'s bid to Humana Hospital Sunrise
TMfor the installation of the Orbiter System includes 
four possible options.
1. Purchase of the total system including 
four vehicles with service to all three 
towers at a cost of $500,000
2. Lease/Purchase of the total system at a 
cost of $16,500 per month (36 months) 
or $11,00 per month (60 months).
3. Purchase of the pilot system including 
one vehicle to the north tower only at 
a cost of $150,000.
4. Lease/Purchase of the pilot system at a 
cost of $5,000 per month (36 months) or 
$3,300 per month (60 months)
Cost Benefit Analysis 
Apogee has identified the following benefits 
and costs associated with a four cart system servicing 
all three towers. The proposal includes delivery of all 
Dietary carts for three meals, the delivery of 
pharmaceutical supplies, laundry delivery, courier
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transfer and trash disposal. The Total Investment is
$500,000. The full system payback is summarized in
15their bid as follows
Investment: $500,000
Savings per year: $137,874 
Payback: 3.6 years
System Life: 15 years
Savings per year are arrived at by the following
calculations.
A. Food Delivery Labor Savings
A savings would be gained of two staff
members for each delivery cycle and each delivery cycle
is three hours (delivery and pick-up).
Hourly rate is estimated at $7.50 
This figure includes fringe benefits 
Total hours: 3 hours/meal x 3 meals x 7 days
or 63 hours/week
Total labor savings: 2 people x 63 x 52 x $7.50
or $49,140 per year
B. Pharmaceutical Delivery Labor Savings 
Estimate of labor: $7.50/hr.
Estimate of savings: 6 hrs/day
Total Labor savings: 6 x 365 x $7.5
or $16,425
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C. Laundry Delivery Savings 
Estimate of labor: $7.50/hr
Estimate of Savings: 6 hrs/day
Total Labor savings: 6 x 365 x $7.5
or $16,425
D. Trash Delivery Savings 
Estimate of labor: $7.50
Estimate of Savings: 6 hrs/day
Total Labor Savings: 6 x 365 x $7.5
or $16,425
E. Courier Savings 
Estimate of Labor: $7.50
Estimate of Savings: 2 hrs/day
Total Labor Savings: 2 x 365 x $7.50
or $5,475
The proposal estimates maintenance labor costs 
on the Orbiters at two hours per week giving a labor 
cost of 2 x $10.00 per hour x 52 weeks or $1040 per
year (the assumption is that maintenance labor cost is 
more expensive). However, the proposal also estimates 
the savings in maintenance on presently used carts at 
$7200 per year. (60 carts x 12hrs/year x $10 per hour).
The proposal estimates savings in facility 
damage( wall, floor, door damage) inflicted by the 
current carts at $10,000 per year. The proposal assumes
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that as the Orbiters follow a specific track they will 
not damage the facility ( a reasonable assumption).
The proposal estimates the cost of replacing 
manually pushed carts (which have a lower life 
expectancy) at $12,900 per year. Also cart repair 
savings are estimated at $4,200 per year.
Thus, the savings summary is built as follows:
Dietary Labor Savings: $49,140
Pharmacy Labor Savings: $16,425
Laundry Labor Savings: $16,425
Trash Labor Savings: $16,425
Courier Labor Savings: $ 5,475
Maintenance Costs : $(1/040)
Maintenance Savings : $ 7,200
Facility Damage : $10,000
Cart Replacement : $12,900
Cart Repair : $ 4,200
Total Savings : $137,150
Based on a cost of $500,000 this results in a payback of
500,000/137,150 = 3.6 years 
N.B. An error in arithmetic was made in the initial 
proposal concerning Dietary labor, but it does not 
materially affect the calculations and leaves the 
payback period of 3.6 years intact.
In an analysis of the bid a more accurate
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picture of the costs for the hospital develops as 
follows
The assumption of the cost of labor can be 
refined somewhat:
The average wage of an NM3 Foodservice worker 
involved with cart delivery is $6.30. Human Resources 
estimates total benefits at 26%. Thus the cost of labor 
becomes 6.30 x 1.26 or $7.94.
Dietary Savings
The hours saved (18 per day) appears to be 
realistic. Thus, Dietary labor savings should be 
$7.94 x 18 x 365 or $52,166
Pharmacy Savings
This appears to be unrealistic when combined 
with all the other hours devoted to the other 
departments (9 in Dietary alone). There is no 
reasonable expectation of labor savings in this area.
Laundry Savings
At present laundry is delivered from the 
floors to the dirty laundry area by a series of chutes. 
Thus gravity does most of the work. However, clean 
laundry is delivered back up to the units and thus an 
estimate of 6 hours per day seems reasonable.
New calculations become $7.94 x 6 x 365 or $17,389.
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Trash savings
Trash is manually moved. This estimate seems 
reasonable and results in the same calculation for 
Laundry savings of $17,389.
Courier Savings
This is difficult to justify. Carts are not 
used for courier service and would have to be purchased 
to be transported. This cost saving should be 
eliminated.
Maintenance Costs
This is an estimate by Apogee based on labor 
time involved in changing wheels and other minor 
repairs, and must be taken at face value.
Maintenance Savings
Maintenace of carts is not a factor. Dietary, 
Trash and Laundry carts require no maintenance, and 
while it is true that sometime in the next several 
years, maintenance may be required, it will be only of 
the most simple kind, and thus this figure should not be 
utilized.
Facility Damage
Facility damage is a real concern. The 
Director of Plant Operations, reports that an estimate 
of $25,000 per year is reasonable.
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Cart. Replacement
This estimate is based on 10% of the current 
carts being replaced annually. Dietary carts, recently 
purchased, are expected to last at least ten years, and 
Laundry and trash carts, according to the Director of 
Environmental Services, have a similar life span. A 
Dietary Foodservice Cart costs about $2,000 and Laundry 
and Trash carts cost about $800.00. The hospital 
possesses about 30 of each type of cart maikng a total 
cost of $84,000. Assuming a straight line replacement 
cost over a ten year period, an estimate of $8400 per 
year is reasonable.
Cart Repair
The proposal estimates replacement parts for 
carts at $3,000 per year. This appears to be excessive. 
A figure of $1,000 per year is more realistic.
Replacing the calculations in the proposal 
with our revised calculations makes the savings summary 
look as follows:-
Dietary Labor Savings : $52,166
Pharmacy Labor Savings: -0-
Laundry Labor Savings : $17,389
Trash Labor Savings : $17,389
Courier Labor Savings : -0-
Maintenance Costs : $(1,040)
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Maintenance Savings 
Facility Damage 
Cart Replacement 
Cart Repair $ 1,000
$25,000
$ 8,400
- 0 -
Total Savings per year: $120,304
BID # 1 Total three tower system purchase.
The proposal cost is $500,000. At an annual savings of 
$120,304, the payback time would be 4.2 years. This 
period is too long to be acceptable.
BID # 2 Total three tower system lease - purchase 
The figures indicate an annual interest rate of 11.5%
At a cost of $16,500 per month (36 months) yearly
expenses would be $198,000. As yearly savings would be 
$120,304, this approach is rejected.
At a cost of $11,000 per month (60 months) yearly
expenses would be $132,000 with savings at $120,304. 
Again this course would be rejected.
BID # 3 One tower system purchase.
The proposal cost is $150,000. A reasonable assumption 
would be that the savings are one third of the three
tower savings or $40,101 per year. This gives a payback 
time of 3.7 yrs. This would be a possibility.
BID # 4 One tower lease - purchase.
The figures indicate an annual interest rate of 11.5%
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At a cost of $5,000 per month (36 months) yearly 
expenses would be $60,000. Annual savings would be 
$40,101. This course would be rejected.
At a cost of $3,000 per month (60 months) yearly 
expenses would be $36,000 while savings would be 
$40,101. Again this would be a possibility.
After rejecting all possibilities that do not 
come within the framework of fiscal possibility, the 
remaining possibilities are:
1. The hospital should purchase the 
one-tower pilot system for $150,000.
2. The hospital should lease/purchase the 
one-tower system over a five year 
period.
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CHAPTER VIII
OTHER IMPACTS 
Regulatory Agencies
Regulatory agencies have played little part in
legislating and controlling the design, construction or
utilization of mobile robots. Industrial robots have
been operational for some years and are regulated by the
Occupational Safety and Health Administration (OSHA).
t TMDuring the development of Orbiter , OSHA 
regulations defined the size, shape and composition of 
the bumpers surrounding the robot, and the availability 
and make-up of the sensors and warning lights. The same 
regulations apply to the HelpMate.
Clark County (NV.)Board of Health regulations 
only marginally apply. Reg. Art. 446.195 of the Clark 
County Board of Health states that the transportation of 
food and utensils used with food must be kept in covered 
containers or completely covered and wrapped. Also, 
food transported must comply with normal rules regarding 
protection, temperature and storage. These rules 
currently apply to the hospital's current method of 
transportation. The Board also requires that the robot
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has the ability to maneuver to an area where it can be 
washed and sanitized, and that there be a sufficient 
amount of steam and hot water at a temperature of at 
least 170°F. (Reg.446.755).
While there are no curent rules, it is almost 
certain that the Fire Department will require the 
emergency override for elevators to make certain that 
emergency needs take precedence over robot needs.
The FDA is responsible for regulating all 
foods except red meat, poultry and eggs which are the 
responsibility of the USDA. Their rules and regulations 
do not apply at the current time to the robotic 
transportation of food.
Human Resources
Management and employee coordination is
essential to the success of any automation process.
Although it is convenient to assume the hostility of
Unions, this is not always the case. In 1966 at an
ALCOA plant in New Kingston, PA., the union demanded
that management automate the plant. In this particular
case the plant was threatened by closure for an
inability to compete, but the union certainly recognized
what the options were and acted accordingly. While it
is true that automation eliminates jobs, it does not
9. Labor Eases Automation Stance G.J.McManus 
Iron Age Magazine, March 1966
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necessarily create unemployment. However, a large void 
in skill levels exists between those jobs eliminated and 
those jobs created.
Beyond the financial impact of automation, 
robots will bring consistency and quality to the 
operation. They do not take breaks, eat lunch or stop 
to chat. Robots do not get ill, suffer from stress or 
fatigue, abuse alcohol and other drugs, or go to the 
bathroom. They also relieve the liability factor 
associated with employees and they do not sue the 
company. The constant orientation and training costs 
associated with a large unskilled labor turnover do not 
apply to robots.
In summary, once appropriately programmed, 
robots can become the perfect employee for the large 
number of repetitive, boring and demeaning jobs that 
should no longer be performed by humans.
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CHAPTER IX 
DECISIONS
TMThe fiscal analysis of the HelpMate and
TM . . . .Orbiter systems eliminated some possibilities and left 
three possible options
1. The Lease/Purchase of the HelpMate
2. Purchase of the one tower Orbiter
System.
3. The Lease/Purchase of the Orbiter
system over a five year period.
When operational with the Dietary department 
at Humana Hospital Sunrise, the HelpMate system solves 
the problem of late-trays, early trays and special 
deliveries, whereas the Orbiter system solves the 
problem of full service during meal times. Thus the 
options also include some combination of the above 
solutions.
HelpMate shows an ROI of $11,864 on an 
original purchase of $106,900 or 11.1%, certainly an 
appropriate rate of return and equivalent to the
investment potential of those funds. The purchase of 
the system shows a payback time of 3.0 years. 
Lease/Purchase indicates a payback time of about 3.6
years, assuming TRC were to charge a 10% apr. However, 
net costs in the first year would be $7,860 and a net 
profit is indicated in every following year. With the 
outright purchase, net costs will be $73,200. While 
there is no doubt that the long term benefit is 
optimized by outright purchase, the recommendation is to 
proceed with a Lease Purchase of the HelpMate system.
The purchase or lease/purchase alternative of 
the one-tower Orbiter system poses some awkward
problems. Financially, the purchase shows an ROI of 
(( $40,101 x 5 ) - $150,000)/5 or $10,101 per year which 
calculates to 6.7%. Annual savings for the
lease/purchase are $4,101 based on an outlay of $36,000 
or 11.4%, certainly a better immediate return. Thus, of 
the two options, the lease purchase over five years 
offers the best rate of return.
However, problems remain with just a single 
tower system. Procedures in Dietary and Environmental 
Services would have to reflect both manual and automatic 
methods causing some confusion. Nursing Administration, 
which rotates personnel amongst all three towers, would 
also have to develop procedures for both eventualities. 
The recommendation is not to proceed with the Orbiter 
program. Many problems exist beyond strictly financial 
considerations, and these will be further developed in 
Chapter XI where final conclusions are drawn.
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CHAPTER X
A BRIEF HISTORY OF THE CONFLICT BETWEEN MAN AND MACHINE
Automation versus Labor
The history of resistance to scientific achievement 
is long and storied. From the sixth century B.C.
through the Roman occupation, Greek philosophers, 
scientists and mathematicians explored the natural 
universe from their own small islands and backyards. 
They did this by observation and much thought, because 
they held the belief that nature followed strict rules 
of its own, not necessarily aided by divine
intervention. In essence, they believed their world 
could be understood and that natural laws prevailed in 
the universe.
Resistance to scientific thought began about the 
2nd century B.C. and continued for 1700 years up to the 
Italian Renaissance. Despite the addition of Roman and 
Chinese technology, the world stood still for all those 
years due to two major factors:- Slavery and Religion.
Religious thought relies on the interpretation of 
God's will for the world. It has always been in the
interest of organized religion to maintain the status
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quo. Major scientific and technological breakthroughs 
have always had to fight established religion from 
Galileo and Kepler through Charles Darwin and the Wright 
brothers(If God had wanted man to fly he would have 
given him wings!).
Technology is the practical side of science. 
Machines are often built to replace labor or to improve 
the efficiency of labor and for thousands of years there 
was a plentiful supply of labor. Thus no economic 
incentive arose. Slavery ended in the western countries 
during the eighteenth and nineteenth centuries and with 
this came the incentive to build machines to replace or 
improve on the paid members of the working class. Not 
so coincidentally, at about the same time resistance to 
these machines grew amongst the displaced and
dispossessed workers.
In his book "Cosmos", Carl Sagan reflects on what 
might have happened had the works of the early Greeks, 
Romans and Chinese continued uninterrupted. He ponders 
that at this time we may have been on our way to the 
stars.
The history of machine breaking or machine
interference dates back to isolated incidents in the 
early eighteenth century, although these seemed to be 
more directed at other grievances than being put out of 
work by automation. In later years, being put out of
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work became a common occurrence.
For ease of reading and clarity of purpose these 
occurrences have been divided into four distinct 
periods, beginning with the Luddite disturbances, up to 
the present day.
1. The period from 1800 to the end of the Luddite 
disturbances, around 1817.
2. The Victorian era up to the great inventions of 
the late century, notably the automobile and 
the airplane.
3. From the beginning of this transportation and 
communication revolution to the 1970's.
4. 1970 to the present.
While periods of machine breaking and sabotage have 
often erupted in the last two centuries, it has not 
always been a case of men wrecking machinery simply 
because they were afraid of losing their jobs due to 
this new technology. Often other economic factors have 
been at work, but the end result was still the wrecking 
of the machinery. Early instances of resistance to 
technology include the experience of an ironmaster named 
Dudley who, in 1619, began experiments with steam in his 
ironworks. These ironworks were destroyed by the 
charcoal burners whose trade he threatened. Around the 
same time, Jethro Tull introduced his new horse drill 
for sowing seeds, producing a strike by farm laborers
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who insisted that the right way was to scatter seed as 
described in the Bible. However, some innovations were 
welcomed wholeheartedly as in the invention of the 
safety lamp for coal mines, by Humphrey Davy. For a 
recent example, just twenty years ago, there was 
consternation that the computer would take away jobs, 
even whole classes of jobs. History has shown that 
these fears may not be altogether groundless. There is 
no doubt that the same worries and fears will come to 
the forefront when commercial robots make their presence 
felt. There is much to learn from the examples of the 
last two hundred years.
The Luddite Disturbances 1810-1817 
The Luddite disturbances, occurring in Regency 
England, had been predated by several isolated instances 
occurring from the early 1700's. From the time of Queen 
Elizabeth, during the sixteenth century, "frames" had 
been used to process the wool for which England was so 
famous, and to which the country owed much of its 
foreign trade. These frames were often to be found in
the cottages of workers who would subcontract from the 
hosiers responsible, for marketing the product. 
However, increasingly during this period, frames began 
to be concentrated in factories, and these factories or 
machine shops became focal points during times of 
distress. In 1710 there were some instances of frame
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breaking, but these seemed designed to draw the 
employer's attention to other economic factors, a 
pattern that was to be repeated many times in the 
following years. During the period 1770 to 1790, there 
was riotous opposition to new frame designs that, in 
fact were designed to lessen employment. These machines 
were designed to spin wool into worsted yarn, and the
riots were so severe that the entire industry left the 
area of the Midlands, where the riots had occurred, for 
Yorkshire and as far away as Scotland. This was
certainly one of the first examples of an industry
moving its entire business to seek a better, more 
pacific, labor force.
However pyrrhic that victory had been, the pattern 
was set and the way shown clear for the Luddite 
disturbances, beginning in 1810. Nationwide, there were 
several reasons for these disturbances, although each of 
the three principal areas of trouble had their differing 
reasons and goals. Nationally, in 1810, there was 
severe economic hardship. Strangely enough, for the 
greatest Empire in the world, the reasons came from 
foreign sources, the chief one being the new United 
States. Due to the American support of Napoleon,
England had issued "Orders in Council" outlawing trade 
with the United States, and even the hopes of the new 
trade with South America were dashed, as the fledgling
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countries simply could not pay. These hopes had been 
raised by the British occupation of Buenos Aires in 
1809, and industry believed that this would be a new 
market for British goods. (This method of creating new 
markets for British goods certainly worked well in later 
years). Trade with the Continent was virtually 
nonexistent while Napoleon still ruled. Thus the cotton 
and wool industries were severely depressed.
In the Midlands, the starting point and epicenter 
for the Luddites, frame breaking was for strictly 
economic reasons and did not represent fear of the new 
technology. The argument concerned prices, apprentices, 
and fairness in counting and weighing. In fact, the 
rioters wanted the employers to use another "machine" to 
ensure fairness. In a petition to Parliament, the 
rioters requested that the new looms be put only in the 
hands of their own Association and were not to be used 
by anyone else. The argument was not over new 
technology but over who commanded it, an argument that 
certainly has its modern counterparts.
The Lancashire riots, centered around Manchester, 
were certainly more directed towards new technology, 
particularly the new steam looms. Conditions were 
drastic there, with the price of one loaf of bread 
approaching one quarter of a man's weekly wage. This 
new technology appeared to make an already desperate
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situation even worse. Here, as was the case in the 
other areas, the forces of Government took a distinct 
stand on the side of the employers and the new machines. 
This would not be the first time Government intervened 
for new technology and the opposite has rarely, if ever, 
been the case. Over 100 men were executed, imprisoned, 
or transported to Australia and the West Indies.
The Yorkshire riots were directed against new 
shearing machines and gig-mills, by the croppers who had 
plied their trade uninterruptedly since before the Roman 
occupation. They looked for support among the Catholics 
in Ireland and the French, both traditional enemies of 
England, and sent petitions to Parliament, one of which 
demanded the "House of Commons act to put down all the 
machinery hurtful to the Commonwealth"*®. These riots 
and nighttime raids on factories and individual homes 
ceased with the good harvest of 1812 and also with the 
hanging of seventeen more men.
These executions and penalties were exceptional for
the times. England had seen nothing like it since the
Duke of Monmouth's rebellion had been destroyed 130
years previously. The depth of feeling towards the new
machines was undoubtedly fueled by the desperate
economic conditions prevailing across the land. If the
10 Popular Disturbances and Public Disorder in Regency 
England. F.O.Darvell 1934, Pub Kelly, N.Y.
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employers had paid a living wage, and were fair with 
prices, there would have been no quarrel, and, after the 
riots, conditions did improve, but only for a short 
while. The wool barons were soon up to their old tricks, 
but the good harvests of the following years and the 
opening up of the American and Continental trades put 
the lid back on the witch's brew. People adapted to the 
new machines and in fact, they became the "old way" in a 
very short time. The Luddites will be known for ever in 
history as the first and foremost example of organized 
machine breaking and armed resistance to technology.
Resistance to technology breeds strange children. 
Eighteenth century minds, full of the cheerful village 
life of that period, were being forced into nineteenth 
century ways, in which technology played a large part. 
These disturbances contributed greatly to the 
introduction of a National police force and also the 
1832 Electoral Reform Act, which expanded the franchise. 
Public opinion was badly shaken by the execution of over 
100 men and women, and never again in English history 
were so many in open armed rebellion or so many punished 
for that crime.
The Victorian Era 
After the Luddite disturbances, actual violence to
machinery was sporadic and in remote areas. In the 
United States there was little resistance to automation, 
and, even though it was a slave economy, the South
enthusiastically embraced the invention of the Cotton 
Gin. In due fairness, the slaves could hardly be
expected to rebel against the prospect of less work. 
However, as the cost of keeping slaves was high, the Gin 
enabled the landowners to do the job with less hands, 
and, along with the steamship, inaugurated the great
era of the Southern plantations. It should be noted 
however, that the United States, in 1830, was 
sufficiently prudent to send out a circular that 
"Machines are as entitled to the protection of the law 
as any other description of property."1* Eastern Europe 
was still enduring the Middle Ages but Western Europe, 
notably France and Belgium, enthusiastically echoed the 
advancements and problems of Britain. However, during 
the first half of the century, most of the major social 
and technological developments occurred in Great
Britain, the workshop of the world.
During this period, the working class in Great 
Britain turned its attention to legislation rather than 
violence, although there were isolated incidents of 
machine breaking both in Britain and the Continent.
11 The Age of Revolution E.J.Hobsbawm, 1962, World Pub.
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The vast majority of people accepted the new 
automation as fact, and attention was turned towards 
making factories better places to work rather than 
destroying them. The artisans and skilled tradesmen,
displaced by these creations, emigrated in vast numbers 
to the United States, Canada, Australia and New Zealand, 
which continued to need skilled artisans for many years 
to come. Between 1815 and 1915 over nineteen million 
people emigrated from the shores of England to these 
countries. However, the fact remained that one man and 
his machine could produce the output of 250-300 men of 
seventy years previously. Thus the people of England 
turned their attention to how to work with machines 
rather than against them.
During these early years, a number of Acts dealing 
with factory conditions were passed, beginning with the 
Factory Act of 1833. These Acts were, in large part, 
due to the formation of the Chartist Movement. Although 
ultimately unsuccessful, for a period of time it was the 
conscience of the nation, employing both strikes and 
legislation to achieve its aims. On occasion, the 
Chartists blamed machinery for the ills of the working 
class, but it was mostly a question of price. Piece 
work was still the norm, but what sold for one shilling 
twenty years previously, now sold for less than one 
sixth of that amount. Most trades sensed a weakening of
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their position which could not be traced entirely to the 
new machinery. At this time also, a new threat emerged. 
The use of the MaCormack Harvesters in the U.S., 
although virtually unknown in Europe, contributed to the 
cheap price of wheat imports, prompting a further 
emigration of farmers and farm laborers. In 1830, a 
riot broke out in south east England against threshing 
machines and starvation wages which were combined in the 
minds of the workers. Three men were executed and 420 
men and women were transported. However as a general 
rule riots were out, emigration was in. During this 
period in England, the first trade unions made their 
presence felt, although they were not initially 
successful. The repeal of the prohibitions against the 
Unions in 1824 supplied the impetus, although it was 
not until half a century had elapsed that they came into 
their own. Then, during the 1840's, the dominant
machine of the era appeared; the Railroad.
Many people protested, sometimes violently, the 
advent of the railway. Petitions were sent to the 
British Parliament from small villages and market towns, 
protesting the noise and dislocation that the railway 
would bring. Employees of the carriage trade saw doom 
to their trade and they were mostly right. On both
sides of the Atlantic a frenzy of railroad building took
place, with rights of way being bought, stolen or
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appropriated wherever necessary. As always. Governments 
took the side of technological advancement and, to be 
fair, most of the population not affected by the 
railway's passage, took to the new invention like 
thirsty horses to water. The great canals, built at 
such expense in the last century, lost their trade and 
their skilled workman almost overnight. The carriage 
trade almost disappeared, with the exception of America 
and other large countries where distances were huge, and 
for the countries too poor to build their own. Even 
then, British and American railroad engineers fanned out 
over the world, consulting and financing wherever they 
could get a foothold. When the population is 
supportive, as in the Luddite riots, technology can be 
arrested, albeit for a short span. When the general 
population is for technology, nothing will hold it back.
Innovations in the linen industry and the new
steamships made it possible to pick up raw cotton in
India, ship it back to England, process it, and return
it back to India, there to sell it at a cheaper price
than could be obtained by the Indian working his
handloom next door to the point of sale. For the first
time in recorded history, the Western world was
exporting goods to the East. "The gods and kings of the
past were powerless before the businessmen and steam
12engines of the present". Prior to 1860 the only
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effectively industrialized country was Great Britain. 
However, with the end of the Civil War in the U.S., the
Franco- Prussian war in 1870 combined with the
unification of Germany, and the opening of Japan in the 
Far East, this would rapidly change.
During the last years of the nineteenth century,
the US, Germany, France, Belgium, Italy and Japan
industrialized at a rapid pace. These were years of
prosperity for the Empire builders, and their
populations, restive in previous years, now adopted
technology as their birthright.
Western countries thought of technology as the reason 
for their superiority in the world. They were prepared 
for the age of the great inventors which was to begin in 
the waning years of the century.
The Great Inventors
Inventions and technology had long been the
province of Great Britain, but in the second half of the
nineteenth century the great innovations seemed to rest
almost exclusively in the United States. There were
major exceptions such as Daimler and the Curies, but the
likes of Henry Ford, Thomas Edison, Orville and Wilbur 
12 The Age of Revolution E.J.Hobsbawm 1962, World Pub.
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Wright, Alexander Graham Bell and Samuel Morse, were not 
emulated, but rather copied, in the Old World. Part of 
the reason for this lay in the constant lack of skilled 
workers. The lure of free land and the opening West 
proved too great a potion for most and the East was 
always being drained of these artisans. Thus, many 
pioneers, and Henry Ford is a good example, turned to 
inventing new machinery to replace them.
Although Henry Ford did not invent the automobile, 
and in fact spent many years fighting patent 
infringements in court, he was most certainly 
responsible for the line-assembly methods of 
constructing them. These methods are still widely used 
today, in all manners of manufacturing. The automobile 
had one thing in common with most of the inventions of 
this period. It did not displace workers to any great 
degree (a number of carriage men became chauffeurs and 
blacksmiths became mechanics), but rather it created 
whole new categories of jobs. Mass production was 
peculiarly American. The North had beaten the South in 
the Civil War partly because of its advanced industrial 
output, and one of its linchpins was the system of 
interchangeable parts. Assembly lines were a natural 
outgrowth of this, with the work coming to the worker 
rather than the worker going to the work.
People were amazed at these innovations, and also
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at the price of a Ford, and Henry Ford became a national 
hero. People were becoming accustomed to technology 
and, rather than resisting it, were welcoming it with 
awe, wonder and their wallets. When Henry Ford 
announced to the world he would pay his workers five 
dollars a day, one of his stated intentions was to 
create a whole new class of buyers for his automobiles.
Positions for skilled workmen continued to decline. 
With the Model T, the most successful car of all time, 
Henry Ford made a deliberate decision to reduce the 
manufacturing complexity to eliminate the skilled 
workforce and consequently reduce his payroll and 
eliminate union problems. His success is underwritten 
by the price of his Model T; in 1907 it cost $550.00, in 
1926 $290.00.
Naturally, there was some resistance to Ford's 
innovations. Psychologists and sociologists complained 
of the inhuman speed of the line and wondered 
incessantly about the mental health of the 'denizens' of 
these plants. But when Henry Ford announced his five 
dollar a day program, ten thousand men and women showed 
up at the gates clamoring for jobs.
During the same period, although beginning earlier, 
Ford's great friend, Thomas Alva Edison, was putting 
together his own assembly line:- scientists instead of 
workers and inventions instead of cars. In 1876, Edison
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founded the world's first industrial research lab, where 
he invented the microphone, the phonograph, the motion 
picture camera, the electric railway and a host of
others, making him the most prolific scientist since
Leonardo Da Vinci. And, of course, he invented the 
electric light bulb. The general public adored him, 
dubbing him "The Wizard of Menlo", barely realizing they 
were moving from the age of steam to the age of 
electricity.
While Edison's inventions tended to create new jobs 
and even new industries, his empire was not without 
strife. One of the most important parts of light bulb 
making, the seating of the globe, was done by men who
had to be trained for several months. Sensing their
strength, they formed a union and objected to one of 
their men being fired. Edison simply invented a machine 
to do the job, fired the employee, and, when the union 
went out on strike, replaced them. The union stayed out 
for everl On another occasion he moved an entire plant 
from NYC to Schenectady during a strike.
Most of these inventors during this golden age 
created jobs rather than taking them away. The 
telegraph operators became telephone operators, the iron 
workers steel workers, and the carriage men became 
automobile men. Workers were still subject to the whims 
of their employers, despite the advance of the unions,
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and technology had not changed that. And, in the late 
years of the century, a young man destined to change the 
world, wandered in the Tuscany countryside, pondering 
the meaning of light, mass and energy. He had been told 
by his teachers that he would amount to nothing and had 
taken the time to wander around Northern Italy where he 
would have time to think. His name was Albert Einstein 
and his thoughts would change the basic laws of physics 
that had held sway since Newton.
During the first half of the century, certain 
technologies seemed to reach their limits. The sinking 
of the unsinkable Titanic (1912) and the crashing of the 
dirigibles R101 and Hindenburg (1937) set limits on the 
size of their technologies. Never again would they be 
this big or unsafe and, particularly in the case of the 
Titanic, government stepped in and placed limitations 
and safety measures.
However, it is a sad fact that tragedy and 
disasters beget invention, and the First World War 
quickened the pace for technological superiority. 
Several attempts were made to limit the arms race but 
none were successful particularly in Europe where the 
drums beat the loudest. Horses quickly gave way to 
trenches, artillery and eventually Winston Churchill's 
"tank". No one doubted the efficacy of technologies to 
further the aims of the combatants (except a few
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cavalrymen). For the first time in warfare tanks, 
submarines and aircraft were used on an extensive scale, 
and laid the basis for our present armed forces. 
Unfortunately the tactics were not as up to date as the 
weapons, and the war dragged on for four bloody years.
The Early 20th Century
During the first years of the century, most of the 
western countries experienced intensive and sometimes 
violent attacks by organizations of workers. Machinery 
was often bombed or destroyed and sabotage became a way 
of life, particularly in the Western United States with 
the I.W.W.( Wobblies) and in Russia. These activities 
reached their peak during the First World War, ending 
with the Criminal Syndicalism Acts in the U.S. and with 
armed revolution in Russia. Acts of sabotage against 
machinery and technology were widespread but seemed to 
be more politically than economically oriented. There 
was large unhappiness with worker conditions on both 
sides of the Atlantic and conditions had certainly been 
inspired by the effects of the Industrial Revolution. 
However, yet again, it was the pursuit of wealth and 
greed by the capitalists that had created these 
conditions, and not the machines. The belief that 
automation would improve the conditions and wealth of 
the world had reached its nadir.
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Charley Chaplin's "Modern Times" portrays the life 
of the assembly line worker, if only in parody, but the 
point is well made. It is no coincidence that, in 1921, 
the word "robot" was first coined. The term came from 
the play "R.U.R."( standing for Rossums Universal 
Robots) and describes a robot lacking human sensibility. 
The Czech playwright, Karel Capek, describes a 
mechanical device that can only perform automatic 
mechanical operations. His play was not meant to usher 
in a new era of automation, but more to describe the 
depths to which the factory workers were sinking.
The years between the wars were encouraging years 
for science. Television was first invented, the rocket 
engine was tested, photocopies were made, the atom was 
split and, in 1934, following the theories of Einstein, 
nuclear fission was achieved by Enrico Fermi. Therein 
lay the seeds of future discord. It is also interesting 
to note that governments, particularly dictatorships, 
began to control these scientific advances, certainly 
with communication in the form of radio and TV, and 
increasingly with the new discoveries of jet engines, 
radar and atomic fission. The War departments of the 
Western countries saw technology as their strength in 
fighting larger and more motivated forces. Adolf Hitler 
made the first mistake in his career in the early 
1930's, when he bullied or allowed out of Germany the
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premier Jewish scientists in Europe.
But there was a major chilling effect during these 
years. The worldwide Depression of the 1930's dried up 
most research, although governments did their best, 
under limited circumstances, to spread the benefits of 
technology. In the United States the great river dams 
were built, giving jobs to many and creating new towns 
( including a rejuvenated Las Vegas) in their wake. The 
Rural Electrification Administration (1936) brought 
refrigerators and modern appliances to rural areas of 
America and, for the first time, electric lights. But 
war had arrived again, and resistance to technological 
achievement was submerged in the world wide fight for 
survival.
Governments firmly took over science and 
technology. The great secrets of the war included
radar, code-breaking machines, jet planes, rockets, and 
ultimately the atomic bomb, mankind's most destructive 
machine. Einstein's legacy, although he suggested it
and later fought it, was to crystallize for many the 
conflict between man and machine. War breeds 
innovation, if only for survival. These developments 
were all realized within a span of three years. About 
the same time, in 1943, the first computers were built 
to break wartime codes, Colossus in the U.K. and Eniac 
in the U.S.
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Post-war Technology 1945-1970 
After the first thermonuclear (hydrogen) bombs 
were exploded in the early fifties, public feeling in 
the Western world was strongly divided as to its use. 
No-one doubted its significance. The full effects of 
radiation were gradually realized after the 1954
explosion of a hydrogen bomb in the Pacific and
resistance quickly hardened. The rallies of the late
1950's have continued up to the present day, with 
protests being waged from Nevada to Greenham Common and 
Holy Loch. To many, the Bomb showed either technology 
gone mad, or the logical end result of man's desire to
control the secrets of nature, rather than accepting the
laws of God. This rejection of technology extended 
itself to nuclear reactors, which were touted as the
answer to mankind's power needs. Many critics thought 
instead it might be the answer to mankind's survival.
The results of these protests have been mostly 
beneficial. The politicians and generals have been
prompted to put strict controls on the use of atomic
weapons, and no atomic weapon has been exploded in anger 
since 1945. Nor has one been accidentally exploded. 
The effort continues, although the spread of atomic bomb 
technology to other countries is always a threat.
The resistance to nuclear power has been a mixed
blessing. In the West, this has resulted in safeguards
that approach redundancy. The result is that there have 
been no fatalities due to nuclear power since the first 
station was opened, and only one station, Three Mile 
Island,, has ever had a serious problem. However,
nuclear power stations have come to a standstill in the 
West, with the notable exception of France for which 
nuclear power represents a large portion of its power 
supply. Where resistance has been restricted or 
prohibited altogether, as in the Communist countries, 
the result has been shoddy workmanship and inefficient 
and ineffective safeguards. The Chernobyl incident and
the closing of many plants in Bulgaria, Rumania and the
former East Germany, are testament to that fact.
However, the hope of nuclear fusion is on the horizon,
and possibly, finally, a source of power that is clean, 
safe and cheap will be obtained.
The opposition to nuclear arms and power changed 
the perception of technology in many people's minds. 
Before the atomic bomb, resistance to technology owed 
its impetus to economic, religious and political 
conditions. In the atomic age, perceptions began to 
arise that technology threatened the world at large and
the survival of the individual. The atom bomb was not
the only threat to be encountered. Great dams 
threatened the wilderness and the native flora and
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fauna. Gene technology held the specter of mutations 
and deadly mistakes escaping from the bottle. Great 
transmission lines harbor possible carcinogenic effects. 
Freon from spray cans has invaded our atmosphere and 
blown holes in the ozone. Plastics have filled our 
landfills and polluted our oceans. Technology, in this 
half of the twentieth century, is a battleground.
Space technology was highly popular during these 
years. The race between the US and the USSR to put a 
satellite in space, put a man in space and put a man on 
the moon captured the hearts and minds of the world. 
This extremely complicated technology culminated in the 
moon landing in 1969. Since then economic and political 
considerations have combined to reduce space 
exploration. The answer would seem to lie in robotics. 
The great success of the robot Voyager and Pioneer 
programs have exceeded all expectations for these little 
planetary travelers. The less successful but still 
important Mariner project has proved that robots can do 
the task cheaper and with less risk. Public antipathy 
to the space program reached its zenith during the 
debate on the Star Wars program, whose aim was to extend 
the battlefield into space, a disquieting proposition 
for many people. This program has shown less urgency 
since the end of the Cold War.
70
Modern Times 
In the last twenty years, the most riveting 
technological story has been the rise of the computer, 
particularly the personal computer. No other invention 
would seem to be destined for so much controversy, or 
for so much use, both good and bad. Like the steam 
engine, it had the capacity to put millions out of work 
or create entirely new industries and jobs to boot. 
Computers emerged from the Universities and Labs in the 
early 1970's when the transistor was developed. In the 
mid 1970's, Jobs and Wozniak created the Apple personal 
computer out of their garage and in 1981, IBM released 
its first PC. The world has since undergone a 
revolution.
The computer had its genesis on both sides 
of the Atlantic during WWII as an aid for code-breaking. 
The highly successful efforts of the Enigma machine were 
thwarted by a change in the German Navy codes (1942) and 
shipping losses from submarines rose to unacceptable 
levels. The British responded with the Colossus (1943) 
followed by the American Eniac (1945). Computer 
development from then to the present day has been 
intertwined with government. Government, particularly 
in the US, has funded, monitored and used the computer 
industry to a large degree and this fairly recent trend 
of government support for technology has been followed 
with another two great technological innovations, the
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atomic program and the Space race. The military has 
been the prime benefactor of research and this is also 
true to a great extant of the robotics revolution we are 
now beginning to experience.
There was much fear in the mid 1970's, as the 
personal computers began to appear in the marketplace, 
that jobs would be lost. However, there appears to be 
only slight evidence of actual resistance such as 
smashed machines, and the evidence of jobs lost or 
created due to computerization seems to be
contradictory.
Robots are the marriage of computers and
machines. Any evidence of job displacement due to
robots is nonexistent at present but the most likely 
scenario is that robotics will create as many jobs as it 
will destroy, although much displacement will occur.
Technology and Jobs 
Does technology cost jobs? In the early years 
of the Industrial Revolution this was indisputably true. 
The record is clear of workers being thrown out on the 
street as their occupations became redundant. But as 
this revolution matured, it began to create jobs,
although different jobs than before.
Has this been true in the twentieth century, 
and will it be true in the twenty first?
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The record for the last half of this century 
is elusive and contradictory, although much scholarship 
has been devoted to it. The essence seems to be not the 
losing of jobs but the shifting nature of jobs, where 
some of the older industries, steel, autos, textiles, 
are constantly losing jobs due to technology, and some 
are rapidly increasing such as the computer industry 
itself. Certainly the shift is away from blue-collar 
and towards white collar, and away from manufacturing 
and towards service. However, the fact remains that in 
the United States between 1970 and 1985, 27 million new 
jobs were created .
Larry Hirscharn in his book "Computers and 
Jobs" summarizes by saying,
"Often in the service business employment 
grows because computers are used to add new value to 
products and services, rather than simply reduce the 
labor expense associated with old products" and
"The empirical evidence suggests overall that
computers have not replaced workers or destroyed jobs;
13if anything they have created jobs".
13 Computers and Jobs Hirscharn Ch.9
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Conclusions
Several conclusions can be drawn from the history 
of resistance to automation.
1. Technological change will happen regardless 
of opposition. Opposition to automation only damages a 
nation's progress and allows other countries to get 
ahead. Japan has taken the industrial robot, an 
invention of the United States, and is already far ahead 
of the United States in development.
2. Governments will generally be on the side of 
business and the military unless an innovation is life 
threatening to a large number of people. Resistance to 
automation should expect no help from the government 
unless it is in the form of re-training or education.
3. Resistance to technology can be beneficial if 
the result is greater safety. The result will not be 
beneficial if it is based on religious, political or 
individual economic grounds.
4. Governments, in particular their military 
organizations, will wish to retain technological 
innovations for themselves. The transfer of scientific 
knowledge from the military to the civilian sector is 
marginal at best.
5. Technology has been beneficial. Compared to
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one hundred years ago we live longer, eat better, are 
healthier and less subject to disease, travel more, are 
better educated and have more leisure time. These are a 
direct result of our continuing efforts to harness the 
natural world for our needs. Whether we are happier is 
a subject best left to other experts.
6. Throughout recorded history, particularly 
that of the last two hundred years, the only constant is 
change itself. Some adapt, some do not. This is the
history of our species.
7. The role of owners and managers in any
changeover is crucial. Where management has made an 
attempt to allay fears, retrain workers and not cause 
unemployment or wage loss, the resistance has been 
minimal. Where management has used automation to 
displace workers to reduce wages with no thought of the 
workers, resistance has ensued.
8. Robots will not destroy jobs, they will
create jobs. But these jobs may be different from
before.
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CHAPTER XI 
Conclusions
Automatic guided vehicles have solved
operational payload problems with regards to dietary and 
housekeeping carts. They are capable of moving a 
dietary cart with thirty trays from a kitchen to a 
specific location. However, AGVs have not solved the 
navigation problems that are necessary for the future of 
hospital foodservice. Stuck on specific routes, they 
are unwieldy and difficult to change and maneuvering 
would seem to be more difficult than is suggested. This 
is a particular problem where a retrofit is called for, 
as in the present case, rather than a facility that is 
designed with the system in mind.
Self guided Vehicles, or in particular the 
HelpMate, have solved the navigational problems but not 
yet solved the payload problems. The ability to carry
four trays, while useful, does not solve the main
problem of transporting the Dietary needs of an entire 
nursing unit.
There seems to be no doubt that these two
technologies will merge. Apogee Robotics is currently
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working on self navigation and Transitions Research 
Corp. is currently working on attaching navigational 
equipment to foodservice carts. Out of this research 
should come the true answer to hospital foodservice
delivery needs.
Thus, there is another reason for proceeding 
with the HelpMate and not the Orbiter. When the current 
research develops the cart of the future, these carts 
can be used along with the current HelpMate. This is 
not true of the Orbiter, where a complete system would
become redundant.
The social history of machines replacing men, 
(Chapter X) concludes that the role of management is 
crucial. Where jobs have been threatened or lost,
resistance has arisen. Robots will not destroy jobs, 
but will create jobs, although they will certainly be
different. The analysis calls for the replacement of
two full time employees. This can be achieved through
attrition fairly easily. The dismissal of two employees 
with the arrival of the robot would let all employees
know these robots were a threat to their livelihoods.
Training of employees is critical. Dietary, 
Laboratory and Courier services will need to be 
inserviced on their roles, and Nursing Service would 
need to be thoroughly appraised of times of arrival, how 
to send the robot on its way, and general procedures
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regarding the robot. HelpMate has been operational in 
Danbury Hospital, Conn., for the last year, and 
experience there has shown that employees adapt very 
quickly and easily to the robot. Hospitals have an 
advantage in that employees are very conversant with 
high technology and with changes that take place with 
their equipment.
The hospital of the twenty first century will 
have self guided vehicles. Preparation for the future 
is essential for financial and competitve advantage in 
the complex world of acute health care.
The Future of Robotics and Foodservice
Other innovations are evolving that should 
reduce the high cost of labor, and improve product 
consistency, quality and labor efficiency. The pieces of 
an automatic hospital food service operation are rapidly 
falling into place.
Dietary Food Management of Des Moines, Iowa is 
on the threshold of developing a system whereby patients 
can order their food through TV screens. Every room in 
the hospital already has a TV and the necessary channels 
are available, this would seem to be a natural 
progression. Dietitians could then check diets and 
selections through a video display, eliminating the 
costly method of menu printing, delivery and pick-up.
Better product consistency, accuracy and production 
counts will be a natural product of this system.
Caterair Inc., an airline catering company, 
has developed a robotic tray-line for one of their 
facilities. The system was designed by Technastar 
Robotics and features a fully robotic, vision guided 
system developed for the airlines specific needs. While 
airline feeding differs from hospital feeding in that 
the same meal is served many times over, the 
implications for hospital foodservice are apparent.
For the last several years, Aladdin Corp. has 
been merchandising its Retherm system. Special carts 
are loaded with food in a refrigerated state, wheeled to 
the unit well before meal time, and loaded into retherm 
units. These then begin to heat the food automatically 
thirty minutes before the predetermined meal time. It 
would seem natural to assume that the addition of self 
guided navigation to these carts would be an evolution 
with major consequences.
These innovations will no doubt combine to 
give hospitals and their patients better quality and 
consistency while reducing payroll costs and the need 
for humans to do repetitive, boring and demeaning jobs.
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APPENDIX A 
HELPMATE QUOTES AND CONFIGURATIONS
HELPMATE™ ROBOT QUOTATION 
(PURCHASE)
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QTY DESCRIPTION UNIT PRICE TOTAL PRICE
ROBOT
/ HelpMate Robot S 55,000
Sundaid Backpack NO CHARGE —
Cuiuxn-Dedgned Backpack Quad Scyaty
I
Extn B m a y  Pack and Banery Pack Exchange Cart 
(if running more than 12 houn per day)
$ 3.000 3,oo»
ELEVATOR MODIFICATIONS
2~ Elevator Control Hardware S 15.000 « 3 0 , 0 0 0
2~ Initallalioo of Elevator Control Syitem $ 5,000 • • | d ( 0 0 3
PROGRAMMING
1 Finl Application Programming NO CHARGE —
Typical Programming for Each Additional Application S 5.000
AUTOMATIC DOOR OPENERS
2. Infrared Communication Link Hardware $ 1.000 2 . 0 ( 3 3
L Innallaiion by Hoapital Electrician J 150 • • _ ) 0 3
TRC-Supplied Anlomatic Door Opener $ 2,000 *
ANNUNCIATORS
Hardware S 1,000 1 / 0 0 3
Initallalioo by Horpiral Electrician S 150 • • 6 a  a
STAFF TRAINING
Uler Training Program NO CHARGE —
Other Training Quad Sapasaty
MAINTENANCE AND SPARE PARTS
— HelpMate Syitem Service Contract per Year S 5,000*
HARDWARE UPGRADES
Each Hardware Upgrade During the Fmt Year of Operation NO CHARGE —
Each Subiequent Hardware Upgrade Quad Sapoialy
SOFTWARE UPGRADES
Each Software Upgrade During the Firrt Year of Operation NO CHARGE —
Each Subiequem Software Upgrade Quad Scpaialy
TOTAL HELPMATE PURCHASE PRICE
TOTAL SERVICE CONTRACT PRICE . ' " . I . ' ' '
PRELIMINARY ESTIMATE
TYPICAL ELECTRICIAN LABOR CHARGE. NON-
RECOVERABLE COST
PREPARED FOR
r->v CVA't'S
PREPARED BY
3 V - V  If !3«\
DATE
Transitions Research Corporation • 15 Great Pasture Road • Danbury, CT 06810 • 203 798 8988
HELPMATE™ ROBOT QUOTATION 
(RENTAL)
QTY DESCRIPTION UNIT PRICE TOTAL PRICE
ROBOT
1 HelpMue Robot $ 5 per hour * S 60 per day
Standard Backpack NO CHARGE —
Custom-Designed Backpack Quoad Stpuuriy
Exin Battery Pack and Banery Pack Exchange Can 
(if running more than 12 heun per day)
NO CHARGE
ELEVATOR MODIFICATIONS
3. Elevator Control Hourly Rental S 1 per hour * 4  jJ+'t
1 Installation of Elevator Control Syitem S 5,000 • • ! '-3 ^
PROGRAMMING
1 Fim Application Programming NO CHARGE _
Typical Programming for Each Additional Application S 5,000
AUTOMATIC DOOR OPENERS
A Infrared Communication Link Hardware NO CHARGE
A
r Eutallalion by Hospital Electrician S 150 • •
TRC-Supplied Automatic Door Opener S 2,000 • • •
ANNUNCIATORS
i Hardware NO CHARGE -
Installation by Hospital Electrician J  150”
STAFF TRAINING
User Training Program NO CHARGE —
Other Training Quoad ScpaiuKjy
MAINTENANCE AND SPARE PARTS
1 HelpMate System Maintenance and Spare Parti NO CHARGE
HARDWARE UPGRADES
Each Hardware Upgrade During the First Year of Operation NO CHARGE
Each Subsequent Hardware Upgrade Quoad Scparudy
SOFTWARE UPGRADES
Each Software Upgrade During the First Year of Operation NO CHARGE
Each Subsequent Software Upgrade Quoad ScptncJy
TOTAL DAILY RENTAL '• r-i
TOTAL NON-RECOVERABLE COSTS 1 ° , <i. j j
A MINIMUM USE OF TWELVE (1 2 )  HOURS PER 
DAY IS REQUIRED
TYPICAL ELECTRICIAN LABOR CHARGE. NON- 
RECOVERABLE COST 
PRELIMINARY ESTIMATE
Transitions Research Corporation • 15 Great
u» fAf-jJt- _f U/JfL: •
PREPARED FOR
PREPARED BY '
17 • - *  -
DATE “
Pasture Road • Danbury, CT 06810 • 203 798 8988
TERMS AND CONDITIONS
83
1. Definitions. When used in this Rental Agreement, the following terms shalThave 
the following meanings:  —i---- 1---------- '
(a) “This Rental Agreement” means _the Cover Page and the Terms and
Conditions.
(b) “Cover Page” means the attached sheet setting forth the names and 
addresses of the Owner and the User and the general terms of this Rental Agreement.
(c) “Terms and Conditions” means the terms and conditions contained in this -
document entitled “TERMS AND CONDITIONS” "  “ ‘ .....
(d) “Owner” means Transitions Research Corporation, a Connecticut 
corporation with its principal office in Danbury, Connecticut (“TRC”), and any .successor, or 
assign of TRC.
(e) “Owner’s Address for Notice” means Owner’s address, as set forth on the
Cover Page.
(f) “User” has the meaning set forth on the Cover Page.
(g) “User’s Address for Notice” means User’s address, as set forth on the
Cover Page.
(h) “Term” means the term of this Rental Agreement, as set forth on the Cover
Page.
(i) “Rent” means the amount to be paid by User to Owner during the Term 
in quarterly installments, as set forth on the Cover Page.
(j) “Purchase Price” means the purchase price for each HelpMate™ rented by
User under this Rental Agreement, as set forth on the Cover Page, less the amount of Rent paid 
by User for the last completed quarter under this Rental Agreement attributable to the 
HelpMate™ being purchased.
(k) “HelpMate™” means an autonomous mobile robot designed by TRC for 
material transport in hospitals, nursing homes and other institutions.
(1) “Equipment” means one or more HelpMates™ and any items of personal 
property for use with or maintenance of the HelpMates™ to be rented to User by Owner under 
this Rental Agreement, together with any replacement parts, replacements, additions, repairs and 
accessories incorporated therein and/or affixed thereto.
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(m) “Premises” means the location at which the equipment is to.be kept and.. 
" used by User, which location shall be User’s Address for Notice unless otherwise indicated on 
the Cover Page. ~
(n) “Acceptance” has the meaning set forth in Paragraph 14 of the-Terms and
Conditions.
2. Rental Agreement. Owner rents the Equipment to User for the Term subject to 
the terms and conditions set forth in this Rental Agreement Owner and User agree that this 
Rental Agreement is a Rental Agreement, and agree to treat’this’ Rental Agreement for legal, tax,
' accounting and all other purposes. - - - - - -  - —— — - ~
3. Security Deposit. User shall deposit with Owner a sum equal jo  the amount 
identified on the Cover Page as the Security Deposit Such sum shall be security to Owner for 
the faithful performance by User of the terms and conditions of this Rental Agreement' Such-  
sum shall be held by Owner until the expiration or earlier termination of this RentaTAgreement, 
and will be repaid to User within fifteen (15) days after the Equipment has been made available 
to Owner as provided in Paragraph 15 if, and upon condition that, all of said terms and 
conditions shall have been fully complied with. Owner may, however, apply such sum, or any 
part thereof as Owner deems necessary, toward the payment of any Rent or other sum due under 
this Rental Agreement or any expenses or damages incurred by Owner on account of User’s 
breach of any of User’s obligations contained in this Rental Agreement The Security Deposit 
shall not be construed as prepayment of Rent for the final quarter of the Term.
4. Option to Terminate. User shall have the option to terminate this Rental 
Agreement at any time during the Term by giving Owner thirty (30) days prior written notice of 
User’s intent to so terminate; provided, however, that this Rental Agreement shall not terminate 
until User shall have paid any and all amounts due under this Rental Agreement through and 
including the termination date.
5. Delivery. Owner shall be responsible for, and shall pay all costs of, delivery of 
the Equipment to the Premises.
6. Payment of Rent. For the use of the Equipment during the Term, User shall pay 
to Owner the Rent in quarterly installments: (a) without any deduction or set-off; (b) in arrears 
on the first day of every third month during the Term, beginning on the date indicated on the 
Cover Page, without demand or notice; and (c) at the Owner’s Address for Notice. Rent shall 
accrue under this Rental Agreement from User’s Acceptance of the Equipment as determined 
under Paragraph 14.
7. Option to Purchase. User shall have the option to purchase any or all 
HelpMates™ rented to User under this Rental Agreement during the Term, by notifying Owner 
in writing of its intent to exercise this option and by paying Owner the Purchase Price, together
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will all accrued and unpaid Rent attributable to the HelpMates™ being purchased: provided that 
an Event of Default under this Rental Agreement shall not then have occurred and be continuing.
8. Taxes. User shall pay all sales, use or similar taxes (other than Owner’s federal 
or state net income taxes), together with all related fines, penalties and similar charges-imposed - 
on either Owner or User with respect to the rental, maintenance, repair or purchase (if applicable) 
of the Equipment User shall reimburse Owner upon demand for any such taxes, fines, penalties 
and charges paid or advanced by Owner. Unless otherwise directed by Owner, User shall prepare 
all returns required for any of the above items. User shall pay the costs and expenses described 
above and will hold the Owner harmless from and against any loss, cost  ^ liability or expense, 
including reasonable attorneys fees, which Owner may incur should User not pay-the same. " 
Without limiting the foregoing, User shall remit with each quarterly Rent installment an amount 
equal to the Connecticut sales tax due thereon, if applicable.
  9. Title: Personal Property. Except as otherwise provided-in- Paragraph 7, the
Equipment is, and shall at all times remain, the personal property-of Owner.- Owner shall have " 
the right to display notice of its ownership by affixing to any of the Equipment an identifying 
plate, stencil or other indicia of ownership. User shall have no right, tide, or interest in the 
Equipment, except as otherwise set forth in this Rental Agreement. User will not pledge, 
hypothecate or encumber the Equipment in any manner whatsoever, nor permit any lien to 
become effective thereon.
10. Use and Location. User shall use the Equipment carefully, and in conformity with 
any instructions as to use provided by Owner to User. User’s use of the Equipment shall comply 
with all laws, statutes, ordinances, regulations, requirements and rules. User shall notify Owner 
at once of any defect in or nonperformance or malfunction of the Equipment The Equipment 
shall not be removed from the Premises without Owner’s prior written consent. Owner shall 
have the right to inspect the Equipment wherever located at any reasonable time, and User shall 
make the Equipment available to Owner for such inspection.
11. Maintenance and Repair. Owner shall be responsible for the maintenance and 
repair of the Equipment; provided, however, that User shall notify Owner at once of any defect 
in or nonperformance, malfunction or destruction of the Equipment; provided further that User 
shall reimburse Owner for any and all costs of repair or replacement of any of the Equipment 
(including, without limitation, costs of parts, labor, travel time, shipping of the Equipment and 
insurance) that are in any way connected with User’s or User’s agent’s or employee’s negligent 
use or misuse of the Equipment (including, without limitation, User’s failure to follow any 
instructions as to use provided by Owner) or User’s or User’s agent’s or employee’s negligence, 
gross negligence or willful, wanton, reckless or intentional action or failure to act.
12. Limitation of Liability. In all cases involving a defect in or malfunction, 
nonperformance or destruction of the Equipment, User’s sole remedy shall be (a) the adjustment 
or repair of the equipment by Owner, or (b) if after repeated efforts Owner is unable to correct 
such defect, nonperformance or malfunction, or if any of the Equipment is destroyed, then Owner
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shall replace the defective, nonperforming, malfunctioning or destroyed Equipment UNDER NO 
"CIRCUMSTANCES SHALL OWNER BE LIABLE (x) FOR LOSS OF PROFTTS OR ANY 
OTHER SPECIAL, EXEMPLARY, INCIDENTAL OR CONSEQUENTIAL DAMAGES ;(y) AS 
A RESULT OF THE FAILURE OF USER TO PROVIDE NOTICE AND INFORMATION 
WHICH IS COMPLETE, TIMELY AND ACCURATE-TO OWNER-REGARDING-THE - 
EQUIPMENT AND ANY DEFECT IN OR NONPERFORMANCE OR MALFUNCTION OF 
THE EQUIPMENT, OR (z) TO ANY PERSON OR ENTITY NOT A PARTY TO THIS 
RENTAL AGREEMENT.
13. Owner’s Representations and~Warranties. '
(a) Owner’s sole warranties are that Owner is the owner of the equipment as of 
the date of delivery of the Equipment to the Premises, and that the Equipment is constructed in 
a workmanlike manner and is free from defects in material and manufacture. OWNER MAKES 
NO OTHER WARRANTY, DIRECTLY OR INDIRECTLY,- EXPRESS OR IMPLIED, AS TO 
THE EQUIPMENT OR ANY PART THEREOF, AS TO ITS DURABILITY-, CONDITION, 
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.
(b) During the Term, if User renders faithful performance of its obligations under 
this Rental Agreement, Owner shall share with User any factory or dealer warranty that applies 
to any component part of the Equipment, to the extent permitted by the terms of such warranty. 
All claims or actions on any warranty so shared shall be made or prosecuted by User, at User’s 
sole expense, and Owner shall have no obligation whatsoever to make any claim on such 
warranty. At Owner’s option, all cash proceeds or equivalents thereof from such warranty 
recovery shall be used to repair or replace the Equipment.
14. Acceptance. At such time as User notifies Owner that it is satisfied with the 
operation of the Equipment, or if User shall put the Equipment into use without notifying Owner 
of any defect in or malfunction or nonperformance of the Equipment, then User shall be deemed 
to have accepted the Equipment for the purposes of this Rental Agreement (the “Acceptance”). 
Acceptance of the Equipment shall constitute an acknowledgement by User that the Equipment 
is in good order and condition and of the manufacture, design and capacity selected by User, and 
that User is satisfied that the Equipment is suitable for the purposes ordered.
15. Redeliverv. Owner shall be responsible for, and shall pay all costs of, the 
redelivery of the Equipment to Owner upon the expiration or the earlier termination of this Rental 
Agreement. User shall, at User’s expense, make the Equipment available to Owner at the 
Premises upon the expiration or earlier termination of this Rental Agreement.
16. Insurance. User shall carry a broad form comprehensive general liability insurance 
policy providing coverage against claims for personal injury, death or property damage caused 
by the Equipment or its use in amount reasonably satisfactory to Owner. All such insurance shall 
be payable, in case of loss or damage caused by the equipment or its use, to Owner and any
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assignee of the Owner as their interests may appear, and shall name Owner as an additional 
insured.
17. Indemnification.
(a) Owner shall indemnify and hold User harmless from and against any and all 
liabilities, losses, damages, claims and expenses, including reasonable attorneys fees, or every 
kind and nature whatsoever, arising out of a breach of Owner’s express warranties contained in 
Subparagraph 13(a) above.
(b) User shall indemnify and hold Owner harmless from and against any and all - 
liabilities, losses, damages, claims and expenses, including reasonable attorneys’ fees, of every 
kind and nature whatsoever, arising out of or in any way connected with the theft or loss of the 
Equipment or User’s or User’s agent’s or employee’s negligent use or misuse of the Equipment 
(including, without limitation, User’s failure to follow any instructions as to use provided by 
Owner) or User’s or User’s agent’s or employee’s negligence, gross negligence or willful, 
wanton, reckless or intentional action or failure to .act.
18. Loss. Theft or Damage. In the event of loss or theft of or damage to the 
Equipment in whole or in part, User shall notify Owner in writing at once. User shall bear all 
risk of loss or theft of any of the Equipment User shall bear all risk of damage to any of the 
Equipment caused by User or any of User’s agents or employees in any manner whatsoever.
19. Late Payment Charge. User will pay to Owner a late payment charge at the rate 
of 1.5% per month on all sums not paid to Owner by User under this Rental Agreement when 
due and owing, computed from the date of such delinquency to the date of actual payment
20. Default and Remedies.
(a) The following are “Events of Default” under this Rental Agreement:
(i) User’s failure to pay any amount payable by User under this Rental 
Agreement when due and payable;
(ii) User’s default in the performance of any of User’s obligations under 
this Rental Agreement, other than the obligation to pay the amounts described in Subparagraph
(i) above, and User’s failure to correct such default within fifteen (15) days after written notice 
from Owner, provided, however, that the default is capable of being cured, but cannot be cured 
within the fifteen (15) day period, the default will be deemed to have been cured if User begins 
the correction of the default within the fifteen (15) day period and diligently (as determined in 
Owner’s sole but reasonable discretion) pursues the correction;
(iii) If User shall become insolvent or make any assignment for the benefit 
of creditors or consent to the appointment of a trustee, receiver or liquidator or a trustee, receiver
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or liquidator shall be appointed for User or _for_. a substantial part .of. User’s .property, or 
bankruptcy, reorganization or insolvency proceedings shall be instituted by or against User;
(iv) If the condition of User’s affairs shall change so as in the opinion of 
Owner to impair Owner’s security or increase Owner’s credit risk; or-----------------  --------
(v) The sale under execution of User’s interest in this Rental Agreement
(b) If an Event of Default occurs and shall be continuing, Owner may, in Owner’s 
sole discretion, without any demand or notice, declare this Rental Agreement to be in default and 
may exercise one or more of the following remedies, as Owner, in Owner’s sole discretion, shall 
elect:
(i) Owner may, without terminating this Rental Agreement, cause User to 
make the Equipment available to Owner, at User’s expense, at the Premises; -
(ii) Owner may, without terminating this Rental Agreement, enter upon the 
premises where the Equipment is located (whether or not the Equipment is located on the 
Premises) and take immediate possession of and remove the Equipment by summary proceedings 
or otherwise, all without liability to Owner for or by reason of such entry or taking possession;
(iii) Owner may, without terminating this Rental Agreement, sell or re-rent 
the Equipment in a public or private sale or rental agreement transaction and with or without 
notice to User or advertisement, as Owner may determine, and Owner may hold User liable for:
(A) Any unpaid rent due on or before the date of such sale or 
re-rent, and other amounts payable to Owner under this 
Rental Agreement; and
(B) All expenses incurred in the termination of this Rental 
Agreement, all commissions, advertising and other expenses 
of the sale or re-rent and any amounts for which Owner 
would be liable or which would constitute a lien on the 
Equipment if not paid;
(iv) Owner may, without terminating this Rental Agreement, sell, dispose 
of, hold, use, operate, rent or place in storage the Equipment as Owner in its sole discretion may 
decide, without any duty to account to User with respect to such action or for any proceeds 
thereof; or
(v) Owner may rescind this Rental Agreement or exercise any other right 
or remedy which may be available under applicable law or proceed by appropriate court action
to enforce the terms of this Rental Agreement or to recover damages for the breach of this Rental
Agreement.
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(c) In addition to the remedies set forth in .Subparagraph (b).of this. Paragraph, 
User shall be liable for all costs and expenses (including collection and attorneys’ fees) incurred 
by Owner by reason of the occurrence of any Event of Default and the exercise of Owner’s 
remedies with respect thereof. All of the remedies of Owner under this Rental Agreement are 
cumulative, are in addition to any other remedies provided for by law toenforce-the terms of this 
Rental Agreement as to any or all Equipment, and may, to the extent permitted by law, be 
exercised, from time to time and as often as Owner deems expedient, concurrendy or separately. 
The exercise of any one remedy shall not be deemed to preclude the exercise of any other 
remedy. No failure on the part of the Owner to exercise, and no delay in exercising, any right 
or remedy shall operate as a waiver thereof or modify- the' terms of this Rental Agreement 
Nothing in this Rental Agreement in intended to limit any right, remedies or powers which 
Owner has under applicable law.
(d) The receipt by Owner at any time and from time to time of all or part of any 
quarterly Rent installment or any other amount due under this Rental Agreement after an Event 
of Default, including late payment charges pursuant to Paragraph 19 above,"will mot operate a s ' 
a waiver of any existing or subsequent Event of Default, or of Owner’s right to enforce the 
payment of any Rent or other amount due under this Rental Agreement, or of any other right of 
Owner under this Rental Agreement.
21. Subletting: Assignment bv User. User will neither sublet nor otherwise relinquish 
possession of the Equipment nor assign any of its rights under this Rental Agreement without the 
prior written consent of Owner.
22. Assignment bv Owner. Nothing in this Rental Agreement is to be deemed to limit 
or affect the right of Owner, from time to time and at any time, to sell, assign, collaterally assign, 
encumber, transfer, rent or otherwise dispose of all or any portion of Owner’s interest in this 
Rental Agreement, the Rent (or any other amount due to Owner under this Rental Agreement) 
or the Equipment In the event of a transfer of any or all of Owner’s interest in this Rental 
Agreement, the Owner shall not be relieved of any obligations contained in this Rental 
Agreement thereafter to be performed by Owner. At Owner’s request, User shall pay all or part 
of the Rent and any other amounts due under this Rental Agreement directly to an assignee of 
User at such address as may be designated by the assignee.
23. Further Assurances. User will promptly execute and deliver to Owner such further 
documents and assurances and take such further action as Owner may from time to time 
reasonably request in order to more effectively carry out the purpose of this Rental Agreement 
and to protect the rights and remedies intended to be created in favor of Owner, including 
without limitation, if requested by Owner, at the expense of User, the execution and delivery of 
financing statements in accordance with the laws of such jurisdiction as Owner may from time 
to time deem advisable.
24. Rent Upon Non-Return. After the expiration of the Term and until User makes 
the Equipment available to Owner in accordance with Paragraph 15, User shall pay Owner rental
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for the Equipment at double the Rent and at the time, manner and place specified for Rent 
'payments during the Term.
25. Notices. Whenever this Rental Agreement requires or permits any consent, 
approval, notice, request or demand from one party to another, the consent, approval, -notice, 
request or demand must be in writing to be effective and shall be deemed to have been duly 
given if delivered personally or by recognized overnight courier service, or mailed by certified 
or registered mail, postage prepaid, return receipt requested, to either party at its respective 
Address for Notice, and shall be effective upon delivery or mailing, as applicable. Owner and 
User each have the right to change their respective Address for Notice by giving notice to the
' other in accordance with this Paragraph. .................
26. Entire Agreement. This Rental Agreement, consisting of the Cover Page and the 
Terms and Conditions, constitutes the entire agreement between the Owner and User and 
supersedes and replaces any and all previous agreements or understandings, whether written or 
oral, between the parties with respect to the rent of the Equipment. - • - ................ -   ----
27. Amendment This Rental Agreement may be amended at any time, but only by 
a written agreement signed by both Owner and User.
28. Agents. Owner may perform Owner’s obligations or exercise Owner’s rights under 
this Rental Agreement through one or more agents.
29. Applicable Law. This Rental Agreement shall be governed by and construed in 
accordance with the laws (other than provisions regarding the conflict of laws) of the State of 
Connecticut.
30. Headings. The headings in this Rental Agreement are inserted for purposes of 
convenience only. The headings are not part of this Rental Agreement and shall have no 
substantive effect on the terms of this Rental Agreement.
31. Benefit This Rental Agreement shall be binding upon and inure to the benefit of 
the Owner and User and their respective successors and assigns as permitted under this Rental 
Agreement.
32. Severability. Any provision of this Rental Agreement which is prohibited or 
unenforceable in any jurisdiction shall, as to that jurisdiction, be ineffective to the extent of such 
prohibition or unenforceability without invalidating the remaining provision of this Rental 
Agreement To the extent permitted by applicable law, User hereby waives any provision of law 
which prohibits or renders unenforceable any provisions of this Rental Agreement in any respect.
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TRANSITIONS RESEARCH CORPORATION (the “Owner”) rents to _________________________(the
“User”) and User rents from Owner, one or more HelpMates™. The general terms of this rental agreement are set 
forth below. THIS RENTAL AGREEMENT IS SUBJECT TO ALL OF THE TERMS AND CONDITIONS 
ATTACHED TO THIS COVER PAGE AND ENTITLED “TERMS AND CONDITIONS
GENERAL TERMS
1. Number of HelpMates™ rented: ___________________.
2. Rent: $5.00 per hour of use per HelpMate™, subject to a minimum~dailypayirienTper 'HelpMate™"of_ 
$60.00 per day. Rent is payable quarterly, with the first payment date
_____________ , 19_____
3. Security Deposit: $_____________ .
4. Term:  , commencing upon User’s Acceptance (as defined in the Terms and
Conditions) of the HelpMate™(s). ' :
5. Minimum Required Use: 12 hours per day, 7 days per week; for each HelpMate™ rented under this Rental
Agreement. -
6. Purchase Price: $55,000 per HelpMate™ (with a credit of all rent paid for the previous quarter on any 
HelpMate™ being purchased).
7. Will any HelpMate™ rented by User require programming for elevator usage?
Y es________. N o _________.
8. Elevator Interfacing Charge: $_____________ per elevator, payable when elevator interfacing is complete
($______________to be refunded if User terminates this Rental Agreement). Alternatively, installation
charge of $___________ plus rental at $1.00 per hour of HelpMate™ duty.
IN WITNESS WHEREOF, the parties have entered into this Rental Agreement th is________day of
.19____.
TRANSITIONS RESEARCH CORPORATION ______
(Owner) (User)
15 Great Pasture Road_________________________ ______
Danbury. Connecticut 06810
(Address for Notice) (Address for Notice)
(Premises Address if Different)
(Signature) (Signature)
(Printed Name and Title) (Printed Name and Title)
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APPENDIX B 
HELPMATE™ « A JUSTIFICATION
Please find attached the following Items to 
justify the rental of a self-guided autonomous robot for 
use in the Lab, Dietary, and Courier Departments.
1. Utilization of the robot
2. Memoranda from the departments involved.
3. Cost/Benefit analysis.
4. Description of the robot.
5. Copies of appropriate contracts.
1. ROBOT UTILIZATION
The robot will be used for three departments 
during the course of a day, broken down under the 
following schedule using military timet-
04.30 - 08.30 Transporting Lab specimens
between the O.R. and the Lab.
08.30 - 19.30 Transporting Late trays and
Early trays from Dietary to the 
Nursing Units.
19.30 - 04.30 Acting as the graveyard courier
delivering and picking up 
various items including Medical 
Records.
Scheduled downtime and battery replacement 
will be accomplished during the daytime hours when the
robot is dedicated to Dietary. Different backpacks will 
be utilized by the three departments and each department 
will be responsible for the maintenance, repair and 
sanitation of their backpack. Dietary will be 
responsible, in conjunction with Bio-Med and Plant 
Operations, for the functioning of the robot, and the 
coordination of repair and maintenance.
The robot will utilize two elevators, one in 
the main building and one in the South Tower. Access to 
the Women's Pavilion will be accomplished through the 
South Tower. A map of the facility is based in robot 
memory and drop off points and home base are clearly 
defined. The specific destinations are defined by the 
sender and the receiver simply presses a button and the 
robot will continue on its predetermined route. Plans 
call for the robot to be initially designated for Lab 
pick-up, then programmed for Dietary needs and finally 
for utilization as a nighttime courier.
APPENDIX C
MAP OF HUMANA HOSPITAL SUNRISE SHOWING POSSIBLE 
ROUTES FOR HELPMATE SELF GUIDED ROBOT.
8VH3U OVIObVD ®
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A P P E N D I X  D 
Humana Hospital Cost Breakdown
The cost is divided into a one vehicle pilot system and a four vehicle system using 
magnetic tape and the high-rechaige Hqppecke batteries.
AGV pilot system: $150,000
1. 1 vehicle
2. 8 pickup and dropoff stations (floor fixtures included)
3. E st 2400 feet optical guidepath (approx. 33% of total)
4. 2 dispatch points (kitchen, trash) local dispatch only
6. 2 elevator interfaces
7. 1 Lead-add battery charger with 2 extra cassettes for change out
8. Modify 20 carts (10 food, 10 trash)
9. 1 elevator communication devices, 3 communication devices outside elevators.
10. Project Costs
11. Some site costs (chaiger/box mounting, battery contacts, etc.)
AGV total system: $500,000
1. 4 vehicles
2. 32 Pickup and dropoff stations (floor fixtures included)
3. E st 5800 feet magnetic guidepath (material and installation)
4. 4 barcode dispatch points (kitchen, trash, pharmacy, courier service)'
5. 1 host computer Compaq 286
6. 5 elevator interfaces (10 system communications devices)
7. 1 battery chargers and control hardware that 
will control and charge 4 vehicles
8. Interface with 2 automatic doors
9. Modify 60 carts (30 food, 30 misc.)
10. Project Costs
11. Some site costs (charger/box mounting, battery contacts, etc.)
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APPENDIX E
ROBOT PROGRAMMING 
History of Computer Control
Although ancient history and mythology are 
replete with examples of statues imbued with human 
qualities and intelligence, the first truly programmable 
machines were built in France in the 1720's. Looms were 
constructed in which the correct threads were lifted to 
produce a specific pattern. This was accomplished by a 
band of punched cards which either rotated or were fed 
to give instructions to the loom, rather like a player 
piano which is another example of a programmable 
machine. These looms were perfected by Jacquard in 
1801.
The Industrial Revolution brought much 
pressure to bear on industry to automate, and advances 
were made during these years including the creation of 
the programmable machine tool industry by Spencer 
(1873). Spencer created his "Automat" lathe for 
producing screws, nuts and gears and the lathe was 
controlled by two rotating drums called "brain wheels".
Machine control began to advance rapidly with 
the advent of the first computers, when it was quickly 
realized that these new computers were capable of doing 
more than calculating. In 1951, the first general
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purpose digital storage device was patented and in 1954 
George Devol patented the first industrial robot. In 
1956, Devol and Joseph Engelberger met and decided to 
manufacture industrial robots, and Engelberger went on 
to found Unimation, the world's first company dedicated 
solely to the production of robots. Engelberger founded 
Transitions Research Company in the early 1980's 
becoming the company that produces HelpMate.
In 1968, at MIT, a robot was connected to a
general purpose PDP-6 computer, to create the first
truly flexible robot and the study of Cybernetics, the
theory of control systems, was born. During the 1970's,
ALGOL, FORTRAN and PASCAL were all used as computer
control languages, but during the 1980's a whole host of
new languages were created, many based on the languages
of the previous decade. AL, PASRO, MCL, MAPLE, PAL,
HELP, AML, VAL, EMILY, RCL, SIGLA, RPL, ANURAD, SRL,
FUNKY and T3 are some of the many examples. VAL, for
example, was created as the language for the Unimate
TMseries of robots, including the Puma robot arm 
developed by Unimation.
Robot Programming
Machine control split into two methods of 
operation, which, in various forms, still apply and are 
utilized today. The first method is the teach pendant
or walk through method, whereby the robot is moved by a 
human operator through the exact motion or series of 
tasks it is expected to perform. This can be achieved 
either by the human operator moving the robot in 
question or by teleoperation whereby the operator moves 
a simile of the robot (usually smaller and easier to 
move) which is then replicated in the motion of the 
robot itself. The computer follows this motion with 
precision committing the cartesian coordinates and 
specific instructions to memory, and is then able to 
replicate the motion and associated tasks. Paint 
spraying robots have long been programmed by this 
method, and the motions and on/off commands for the 
paint gun are taught to, and then replicated by, the 
robot paint sprayer. New vacuum cleaning robots 
currently nearing production, are to be programmed by 
the same method.
The alternative form of programming is 
strictly by a series of commands issued to the robot by 
the host computer. Algorithms (sequences of code 
designed for a specific task) are written as sub­
routines such that the robot will exercise a movement 
based on a simple command such as GRIPOPEN or GRIPCLOSE 
which call up subroutines enabling the robot to open or 
close the gripper or end-effector. This method of 
programming is more expensive and more time consuming
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than walk-through programming, but the robot is far more
flexible and "intelligent" when this method is utilized.
Of particular interest are two languages
developed since 1975 ; VAL and SRL. VAL is the language
developed by Unimation for their series of robots and is
a highly interactive system designed to allow
simultaneous control of the robot and interaction with
the operator so that on-line modifications can be
accomplished. The following is an example of a VAL 
14program:
10 APPROP PI, 20.0 : approach to within 20mm of Pi 
MOVES Pi : move (in a straight line) to Pi
CLOSE1 : close grippers
DEPARTS 20.0 : retract by 20mm
APPROP P2, 20.0 : approach to within 20mm of P2 
MOVES P2 : move (in a straight line) to P2
OPEN1 : open grippers
GO TO 10 : repeat the operation
VAL enables its operators to call on a library
of previously defined subroutines, but the cartesian
coordinates are taught to the computer by physical
movements to that spot. In this particular example Pi
and P2 are previously defined positions with respect to
the robots original position, and the commands used call
up specifically defined subroutines.
14 Robotic Technology Edited by A.Pugh 
"Robot Languages - The Current Position"
Elizabeth McClellan, Cranfield Institute 
Peter Peregrinus Ltd., London, UK 1983
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SRL is a language with roots in PASCAL, VAL 
and AL (an artificial intelligence language created at 
Stanford). The language is designed to give the robot 
information on the world model (its current location and 
obstacles to its path) and to process information from 
sensors such as a vision system.
The trend in the last ten years has been to 
develop languages, usually based on previous languages, 
for the specific tasks contemplated for the robot in 
question. This has led to a proliferation of languages 
that threaten to make an already complicated industry 
even more complicated.
Programming Mobile Robots
Research into self-guided mobile robots has 
been ongoing since the mid 1960's. In his book "Robot 
Rover", Hans Moravec describes his experiences at the 
Stanford Artificial Intelligence Lab developing an
autonomous guided vehicle using only a TV camera as a 
sensor. Range finding and obstacle definition are
problems with only one camera, but after watching a 
lizard, with eyes on either side of the head effectively 
precluding stereo vision, move it's head from side to 
side, he arrived at the solution of moving the TV along 
a small track. This TV stopped at nine predetermined 
spots on the track effectively giving the robot 
nine-eyed vision. This successfully solved the
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perception problem, but, as the computer had to 
constantly update its "world map", the vehicle would 
lurch forward, stop and observe, and then lurch forward 
again. Also, the TV camera had difficulty with bland 
objects and the visual system would fail under certain 
circumstances. Small errors accumulated into large 
errors. All these failures had large implications in 
future research.
A new language, LISP, developed for artificial 
intelligence, began to be utilized for mobile robotics. 
Researchers began to concentrate on sensor information 
at the local level rather than having to recompute the 
"world map" at every obstacle. In a paper developed for 
the International Symposium on Robot Manipulators, John 
Steele outlined the architecture required as follows:
USER INPUT -------> DIRECTOR
I
WORLD MODELLER------ >MODEL <--------TASK PLANNER
< >
SENSORS <------------------------------- >EXECUTION
As in previous models, the Model is formed by 
input from the user and sensors but the sensors also 
communicate directly with the execution of the program, 
in this case the motion of the robot. The model also
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has to have a hierarchy of sensors to give different 
weight to possibly conflicting information, thus 
obtaining an unambiguous model of the surroundings.
The accumulation of errors noted by Moravec is solved by 
reference to registration points located along the 
robots path. Lack of sensor information is solved by 
using sonar more than vision for range finding and 
object definition, and by using an array of various 
sensors to compile information. Thus, the trend is to 
solve problems on a local level, updating local maps and 
deleting them when finished, leaving the higher level 
map unscathed.
Helpmate Programming
HelpMate has taken the process of localizing a 
step further, and has included a world map between the 
sensor processing and the control center. Local map 
updates get information from the world map and sensor 
information. This enables the robot to quickly process 
local information without always contacting global 
command and changing the local map. This has been 
accomplished by Lumelsky's "VISIBUG" algorithm for 
obstacle avoidance using local sensor information.1,5
15 Motion Planning for a Hospital Transport Robot 
Skewis, Evans, Lumelsky, Krishnamurthy & Barrow 
Proceedings of the International Conference on 
Robotics and Automation Sacramento April 1991
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In this algorithm, no prior knowledge of the obstacle is 
assumed. Planning on a small scale around obstacles is 
based on incomplete information while the robot, through 
its global map, also has complete information as to its 
position and destination.
Furthering the dispersal of robot languages, 
HelpMate, along with other similar efforts, has its own 
independent programming language. Designed specifically 
for navigation of hallways, elevator lobbies and 
elevators, the language will not translate well for 
other environments such as the outdoors. An example of 
a short program is given below:-
PROGRAM1
HALL_NAV
HALL_NAV
HALL_NAV
HALLJNAV
HALL_NAV
CALLJELVTR
ENTR_ELVTR
SELECT_FLR
EXIT_ELVTR
RLS_ELVTR
HALL_NAV
HALLJNAV
HALL_NAV
HALL_NAV
END_PR0G
END
1
2
3
4 
7
12
10
13
14 
16
1
1
1
1
1000
1000
1000
1000
1700
1000
1000
1000
1000
0
0
0
0
0
0
0
0
0
-9000
9000
0
0
9000
9000
■9000
0
9000
Most of the program is self explanatory. The 
parameters in the HALL_NAV commands are hallway number, 
direction to traverse the hallway, distance away from 
the wall, starting point in the hallway and
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specification of turn upon leaving the hallway. Each 
hallway already is encoded as to length, width, wall 
patterns and codes on the use of sensors.
Increasing the trend to local problem solving, 
the HelpMate has several sub computers for the various 
control centers.
Future Programming
Within the world of mobile robotics, the 
future is bright. Certainly a compelling future step is 
the creation of a standard language for robotics. 
Languages are being developed for individual functions 
without regard to the future, and it is certainly up to 
national organizations such as the National Robot 
Association or Federal bodies such as the National 
Bureau of Standards to begin work on developing such a 
language. Two areas that have implications for robotics 
are Natural Language Programming and Artificial 
Intelligence.
Natural Language Programming
There remain many problems in the easy 
transfer of natural language to artificial language. 
Much remains mysterious about how humans develop, learn 
and understand language and the constant changes and 
modifications that our language undergoes. Syntax, 
semantics, pragmatics and discourse analysis are all
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involved, and all combine to create meaning. True 
communication is when the message received is the same
as the message sent, and research is still a long way
from achieving that goal. However, context-free 
language, which is free from idioms, shades of meaning 
or slang, is much easier for a computer or robot to
comprehend.
Natural Language Programming also includes the 
spoken word. A natural progression will be for mobile 
robots to understand and react to the spoken word
particularly if direct and context-free. Robots already 
have the ability to announce their arrival in English 
but vocabulary is still limited. The whole concept of 
Natural Language is inextricably tied with Artificial 
Intelligence.
Artificial intelligence
How can robots be programmed to perform those 
leaps of knowledge, to master that wide range of 
experience and common sense that characterizes human 
beings? If knowledge were just a matter of reading 
books and using data, the problem would not be 
insurmountable. But the shades of meaning that humans 
infer from books, data and surroundings combine with a 
knowledge base to enable conclusions that often seem 
mysterious. Autonomous intelligent self-guided robots
would be extremely beneficial to our society. The 
answer would seem to be in the way that humans learn. 
Expert systems are already beginning to develop programs 
that learn from their experience developing a base for 
future decisions. The future remains clouded but, most 
certainly, robotics will have a part to play.
